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PREFACE 


This hook is to (k'al only witli those 

machines whieli are in common use for r('(liiein<i: 
mait'rials to a hneiu'ss of about 10 mesh. Manv 
of^tlu' units (h’serihed an* eapahh* of v('?’v much 
ti**ii*‘r (h‘^U'(*('s of reduction tfiau lliis, hut such a 
field, /.e., (‘.xti’cim* lineiK'ss, is outside tlie seojx* of 
this work, ajid for information on this subject 
]('adej*s an* j‘<*f(*rr(‘<l to another volume* in this 
s(*ries dealing with pulv(‘ri/,in<(. As far as possihh* 

I ])av(* elassilied thi* ma)*hin(*rv deserihi'd acconline 
to tlK*ir ])rinei{)I(‘s of operation an<l aceordin^; to 
th(* tyf)(‘ of work' for which tlu'v arc* suited, 
b(*u:innin,u‘ with crushers for tin* ])rimarv l)rcakin^ 
5*f thi* lartrest’ lumps and ,1inishin<»‘ with tiiosc* 
‘'rinding mills which wilt ?vdue<“ to almost any 
d(*^»;reT* of linen(*ss. It. will la* noticed in each 
chapt(*r that I have d(*serih(*d ora* individual 
maeliine in much mon* d(*tail than oth(*rs tliat 
of)erat(* cm the* sanu* ])rineiple. 'rids doc's not 
iK'cc'ssarily mean tliat 1 (*onsid(*r tin* paiticular 
make described at leiiirth supeiior to all oth(*rs. 
What r have* done is to select what I consider to 
b(* a r(*])r(*s(*ntativ(‘ tJiachim*, om* which in iuy 
judgment is in the front rank of its class, to d(*scrilM* 
this in detail, and th(*n to d(*al wit!) the other 
machines vvlien* tlu'v dilfer fr<>m tin* one s(*leeted 
or where tlu'v (‘inbody features of special interest. 
Jt would Ih^ im])ossible to acknow ledgt* itidividually 
the co-operation of those firms wfiosc* fiiaetdiK's t 
luive des(*ribed. Suttiee it to say that this co- 
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operation has been unstinted, and my sincere 
thanks arc duo to those many manufacturers who 
have supplied details and drawings of their 
machinery. 

H. 8f 

October, 1924. 
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the second is the reduction of a sul)stance to vary- 
ing finenesses for mixture with other substances 
•or to expose a greater surface to reaction. The 
first division is involvx'd mainly iii metailurgy, 
while the second is the problem usually met with 
in the chemical industries. 


Though the great majority of disintegration 
problems fall into one or otluT of the above classes, 
no such distinction can b(? drawn between the 


e(iuipment used. Broadly speaking, the same 
crushing and grinding machines and methods are 
applicable to both fields, and, though many laws 
and formulaj have been carefully worked out and 
endorsed by laboratory-scale and occasionally 
large-scale operations, such laws are subject to so 
many modifications when they are adapted to 
general crushing and grinding practice that they 
become practically worthless. Not even general 
rules for solving problems arising from the reduction 
11 
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of materialH can be set down on paper, since 
these j)roblem8 vary with every industry, and even 
the reduction of the same substance will involve 
different probh'ms in different plants and localities.. 
No useful law can be laid down— experience is tlie 
only reliable guide. 

The methods of reduction may roughly bi; 
divided into three classes. First, there is reduction 
by batch, in which a definite charge is loaded into 
the machine and treated for a specificHl period, 
after which action is stopped and the product is 
discharged. This method is sometimes essential 
for very fine grinding in certain industries, but 
wherever possible it should be avoided, as greatest' 
efficiency lies in continuity of process. 

Th(‘ second method is reduction in a closed 
circuit, in which the product from the machine is 
discharged continuously to a separator when 
crushing dry, and a classifier when grinding wet, 
where that portion which has attained the requisite 
fineness is released from the circuit, and the over- 
size is returned to the machine for further tr(*at- 
ment. This method tends to give a more uniform 
product than that produced by batch grinding. 

In the third syst(‘m the material is fed to one end 
of the crusher or grinder and the discharge at the 
other end is continuous, there being no return for 
retreatment. This method is usual in coarser 
crushing and where a certain amount of oversize 
is of no consequence. 
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A most important factor in the reduction of any 
material is the instant removal of that part of the 
product which has been reduced to the required 
size, leaving the machine unhampered to deal with 
tlie oversize lumps. If this removal is not carried 
out a cushion is formed against which the grinding 
media have to work on the large particles. It 
H'quircs little imagination to see that the work of 
the machine? is thereby increas(‘d and is likely to 
become uneconomical. 

With few exceptions reduction by stages is the 
best system, i. e., where the most suitable crushing 
and grinding units are employi'd to effect each 
•*step of the reduction procc'ss separately, jiassing 
their product on to the next machine in the? system. 
For instance, such a method of stage reduction 
might consist of a jaw or gyratory brcak(?r for the 
initial breaking, say to 3 in., a crushing roll or 
rotary crusher for .secondary reduction to | in., and 
then a fine grinder, such as a ball or rod mill, for the 
final operation. The installation mentioned is for 
illustration only and must not be taken as a model. 

It is not easy to draw a line between the various 
stages of crushing and grinding, since each machine 
encroaches more or less on the field of its neighbour. 
It is therefore impossible to recommend any one 
type of macl^ine for any particular problem : each 
reduction problem must be examined entirely on 
its own merits, together with the conditions to be 
imposed, the dominating considerations being 
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output required, ratio of reduction, nature of 
material, first cost and maintenance Cost. 

The whole secret of the efficient reduction of any 
mat(‘rial lies in a suitable crushing unit of the right 
capacity. This, I suppose, is obvious, but when 
one looks at some of the reduction plants in opera- 
tion one is inclined to the belief that the obvious- 
ness of such a statement has escaped at least a 
few. The best way to reduce any material is also 
the cheapest : the energy must be proportioned to 
the work in hand, otherwise either the work is not 
being done properly or energy is being wasted. 

The terms breaking,'’ “crushing,” “grinding,” 
and “ pulverizing ” are not easily defined.** 
“ Breaking ” and “ crushing ” are often used 
synonymously, e. g., jaw breakers and jaw crushers, 
gyratory breakers and gyratory crushers, though 
the term “ breaking ” should be confined only to 
the first fracturing of large pieces of raw material 
to such a size that the pieces can be crushed or 
ground in one of the secondary crushing machines. 

I have interpreted “ crushing ” as the reduction of 
a material either by impact or compression to a 
size not exceeding J in., while by “ grinding ” I 
mean reduction from J in. or larger down to 8 or 
10 mesh by either compression, impact or attrition, 
or a combination of the three. By “ pulverizing ” 

I understand reduction to extreme finenesses — a 
phase outside the scope of this book. 

It is obvious that no sharp or even well-defined 
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lines of demarcation can be drawn between 
breaking, crushing, grinding and pulverizing; the 
terms overlap and many machines combiiui more 
than one of these actions. For instance, some 
machin(\s will accept a feed of 3 in. cube and reduce 
it to a fine powder. Such machines are commonly 
referred to as grinding mills, though they exercise 
the function of crushers as well. As a general rule 
the term “ grinding ” is used when the reduction is 
wot. 

For the purposes of eonvenknee only I have 
attempted to divide the problem of reduction into 
three classes, viz. primary breaking or crushing, 
trom the largest raw piece down to about 3 im ; 
secondary crushing or grinding, say from 3 in. 
down to J in. or | in. ; and final grinding, from 
1 in., J in., and | in. to about 10 mesh. Such a 
classification is purely arbitrary, and it has l)ecn 
impossible to adhere rigidly to it in the descriptions 
of the various types of machinery. 

For primary or first reduction the jaw and 
gyratory breakers are most used. The product of 
these machines varies with their size and the 
material dealt with, but their field may be said to 
extend from a raw material in lumps weighing as 
much as a ton or more down to pieces which will 
pass a in. ring. The gyratory has a larger 
feed capacity than the jaw breaker, its action is 
continuous against intermittent in the case of the 
jaw breaker, and it will also work w^ell with a choke 
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feed, which means that the gyratory breaker is more 
suitable than the jaw type if a lieavy output of a 
uniform product is desired. On the other hand, 
the jaw breaker will accept larger individual pieces 
than the gyratory, and it will also permit of a 
larger ratio of reduction. 

For secondary n^duction, say from 8 in.* to a 
minimum of ^ in. there is available a wider 
selection of machinery than there is for the primary 
operation. Briefly, this class includes crushing 
rolls (which, however, should nevt'r bt; used for a 
greater reduction than 4:1), some types of short- 
spindle gyratories, rotary crushers and various 
type.:; of disintegi*ators and swing hammer mills. 
In general, the ratio of reduction with rotaries is 
higher than that po.s.sible with rolls, and a larger 
feed is also possible, so that in some eas(>s out* set of 
rotary crushers will do the work which requires 
two .sets of rolls. 

The cru.shing roll is, howevcT, the most popular 
machine in many indu.stri(‘s for secondary reduction, 
taking the product from a jaw or gyratory breaker, 
up to about 3 in., and reducing it to | in. — a ratio 
of reduction of 4 : 1, which is economical in general 
practice. Very rarely should a crushing roll be 
used to grind finer than 8 mesh. As a general rule 
a good roll is an efficient and economical cru.shing 
unit, and, when ojjcrated at full load, will give 
results very difficult to surpass by any other type 
of machine in the same field. 
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There are a few fundamental principles which 
should be observed in secondary reduction. First, 
it is nearly always more economical to crush than 
to grind, that is, as larger a redu(;tion as possible 
should be accomplished in the primary breaking, 
so that a fine rather than a coarse feed is supplied 
to tfio grinding operation. Second, the product 
should be removed as soon as it has attained the 
retiuired Hik'ih'ss so that unru^cessary work is 
eliminated. 

In many cases it will be found economical practice 
to effect secondary reduction in two stages, and, if 
this is done, a screen should be instu'ted between the 
•’two stages to remove that material which is fine 
enough to j)ass the second stage, which may then 
be sent direct to the Huai grinding mills. 

For final reduction the various types of grinding 
mills are most used. The development of ball and 
rod mills during rectmt years has been nothing 
short of phenomenal, and they are now superseding 
many of the machiruvs previously used for this 
stage. The modern ball mill is equally suitable 
for dry or Avet grinding, taking a feed not larger 
than 3 in., preferably IJ in., and reducing it to 
extreme fineness. The rod mill, a more recent 
development than the ball mill, has proved very 
satisfactory when operating on feeds not larger 
than 1 in. 

In addition, there is a large number of machines 
for producing a granular product which cannot be 
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said to fall specifically into one or other of the 
above classes, but which have been designed to 
meet the special problems encountered in one or 
more industries. 

« 

In this connection it must be remembered that 
it is exceedingly difficult, almost impossible, to 
make any useful comparisons between the various 
machines and classc^s of machinery described in 
this book. Even when two such machines are 
designed for dealing with one, or one class, of 
material, no siudi comparisons can be made on 
paper. The only fair test is to have the two units 
operating sitle by side on exactly the same material 
under identical conditions. 

In considering the installation of a single crusher 
or a complete reduction plant the best thing to do 
is to seek the advice of a reliable manufacturer. 
The majority of the leading makers of crushing 
and grinding plant maintain very full records of 
the performances of their machinery and the con- 
ditions under which it is operating, so that they 
are in the best position to advise on a proposed 
installation when they are given full details of the 
problem. 

When getting into touch with manufacturers for 
advice or a quotation on a reduction problem, there 
are several points on which full information should 
be given so as to enable them to prepare and 
submit an intelligent estimate. These points are, 
in brief : 
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1. The character of the material to be reduced. 
Special attention should be given to hardness, 
toughness, ease or lack of ease with which it breaks, 
and whetlier it is v(*ry abrasive, also whether it 
tends to break into flat pie(‘es. 

2. Quantity to be broken per hour. 

3. Initial sizes of pieces to be f(‘d to the inacliine. 
If the inquiry is for a secondary reduction machine, 
give the type of primary breaker or crusher, 
together with the maximum and minimum rejec- 
tion openings of the primary which the secondary 
is intended to follow. 

4. Size of the finished product delivered. In 
• how many sizes v ill the material be screened ? 

Is it necessary that the whole of the finished 
material pass the specified mesh, or may a certain 
percentage of residue be allowed? If so, what 
percentage ? 

5. Is the material to be ground wet or dry? 
What percentage of moisture is there in the 
feed ? 

G. Is the production of excessive fine material 
an objection ? 

7. Is reduction to be operated in a closed circuit ? 

8. Is it permissible for the material to come into 
contact with iron or steel or any other metal in 
the process of reduction ? If reduction machines 
are now in use, what effect has the material 
on the wearing parts, especially any chemical 
action ? 
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9. What reduction machines, if any, are now in 
use ? What results are at present being obtained 
with thf^m, including screen analyses of feed and 
product, capacity per hour and tlu^ power required 
for operation ? 

10. If possible send a sketch showing the space 
available for the crusher and the nearest dnviug 
])ulley if the drive is to be from lineshafting, 

11. If possible giv( win outline of the process to 
follow reduction. 

If a complete reduction plant is rt'quired, the 
following information should also be given : 

1. Character of site, i. e. Hat or hillside. 

2. How many and what classifications are 
desired ? 

3. What storage capacity is I’ccjuin'tl ? 

4. How is th(^ raw material to be brought to the 
reduction plant ? 

T). Is })ower available, or do you wish for its 
provision i 

(). If power plant is requii’cd, give particulars, 
whether prime movers are to be steam, gas, oil or 
water. 

7. Is the machinery to be ojy 'rated by electric 
motors ? If so, give characteristics, ?. e. continu- 
ous or alternating current, voltage, periodicity, 
etc. 

8. What labour is available ? 

9. Send survey or dimensioned sketch showing 
space available, indicating where raw material 
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can be delivered, and the point of dispatch for the 
fipished product. 

10. Mention any special features or abnormal 
conditions which may nspiirc consideration, such 
a^ climatic difficulties, boggy natur(‘ of ground for 
foundations, supply of wat(‘r, fuel, etc. 

1 1 .• Is it desired to operate* any of the plant in 
closed cii'cuit ? 

It is very important that the information out- 
liiK'd be as full and as explicit as j)ossibl(*, especially 
with regard to the fineness of the product desired. 
If, for example, 1)0 per cent, of the material through 
a certain mesh scrt'cn is satisfactory, this should 
tbe stated, since a smalh'r machirie would be iv- 
Cjuired to give such a product than one to put all 
the material through the screen. Th(‘ r(‘ason for 
this is that it is much more difficult to reduce the 
last 1) or 10 p(‘r cent, to a certain fineness than it 
is to do th(^ greater part of the previous reduction. 
In inaii}^ cases it will be found that the manu- 
facturers will prefer to visit th(* site of the j^roposed 
crushing plant to go over the details of the installa- 
tion before making a pi’oposal. 

Given a type of machine suitable for the f)ur})ose 
in view, there are three important qualities which 
must be looked for. In the first place, the machine 
must be as fool-proof and as simple as possible and 
the parts should be easily accessibh;. Secondly, 
the consumption of power should bt> the minimum 
consistent with efficiency. Thirdly, the perform- 
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ance of the machine should not be materially 
affected by minor deviations from its accustomed 
treatment; that is to say, it should not behave 
badly under slight changes of diet or other operat- 
ing conditions. 



CHAPTER II 


JAW BREAKERS 

The great majority of jaw breakers are con- 
structed on the Blake principle, which is illustrated 
in Fig. 1 (Hadfield). Here the movement of the 
swinging jaw F is controlled by the cast steel 



Fia. 1 . — Blakk-typk Breakkr (Hadfiklo). 


A. 

Kocpnirir sUiifl. 

K. 

I.ower swin',' jaw fare. 

I!. 

DriiAvhack ml. 

b. 

I jiper j'Wiiii' jaw faei'. 

( 

Adjiistinc boU'-’, 

•M. 

I.ower lived jaw fare. 

1). 

Dniwback siiritigs. 

N. 

ri'iu'i- lixed jaw face, 

K. 

.Mi) in frame. 

O. 

Towlop. 

V. 

Swirip stwk. 

e. 

Ailjii^lirif' wedpe. 

(!. 

Tofjple 

0. 

A)ljii>liitg loi^glc block. 

11, 

Tit man. 

]{. 

( 'he<-k plates. 


pitman H and the toggle plates 0. '.Phis swinging 
jaw is held in position by one toggle plate connected 
to the pitman, which is in turn held by the second 
toggle plate, having its seat in the main frame E 

through the toggle cushion G and the block Q. 
23 
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The pitman is carried upwards by the eccentric 
shaft A, the inner ends of both toggles being 
simultaneously brought towards the horizontal. 
One toggle has an immovable seat in the block 
Q so that the entire spreading action of bofn 
toggle's is conveyed to the swinging jaw. On the 
descent of the pitman the discharge end of the 
swinging jaw is withdrawal by the rod B operated 
by the springs D. Tlu' size of the' discharge 
opening is controlled by raising or lowering tlu^ 
adjusting bolts (' actuating the wedgt' P. 

For adjusting the distance between the swing 
and the stationary jaws, thereby regulating the 
size ('f the product, removable steel shims are ^ 
fitted to some Blake bn*akers, so that by inserting 
additional shims the jaws are closed up, thus 
producing a finer grade of ]>roduct. Foi’ coars(‘ 
breaking one or more of these' shims are r(‘moved. 
In one type of Blake breaker the shims are of various 
thicknessc^s, so that any desired adjustment to an 
extent of from 2 in. to 3 in. can be obtained without 
changing the toggles. The tail piece can be 
adjusted vertically by means of removable shims 
resting between this piece and the frame lugs. By 
removing one or more shims and elevating the tail 
piece through the adjusting bolts, the angle of the 
rear toggle is increased, and this, of course, increases 
the stroke of the swing jaw. Conversely, by lower- 
ing the tail block and inserting more shims the 
angle of the toggle is diminished and the stroke of 
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the jaw is less. A variation of about 50 per cent, 
can be made by this adju.stmcnt so that the jaw 
movement can be regulated to suit the material 
being worked upon, and the capacity of the breaker 
cai^ also be adjusted. As a general rule for coarse 
work and large capacity a long stroke is d('sirable, 
while 'for finer breaking the short stroke is 
advisable. 

In another type of breaker, which is substantially 
of Rlake design, the fixed jaw, instead of being 
vertical, is incliiu'd to approximately the same 
angle as the swing jaw. The purpose of this 
modification is to ensure that half the weight of the 
tiuiterial being broken shall be borne by the frame, 
resulting in a greater breaking moment with less 
power. In addition, this means that larger pieces 
of material can be acjcommodated in the mouth of 
the breaker than if the fixed jaw were vc^rtical. 

It follows naturally that such a bn^aker must 
be equipped with a deep (^rushing throat to obviate 
the possibility of material being squeezed out at 
the top instead of being nipped between the jaws. 
Another novel point in this design is that the weight 
of the pitman is compensated by links and coiled 
springs on each side, the idea being to take the 
weight of the pitman off the shaft. 

Several modifications of the Blake principle 
have been introduced which are well worth a study. 
One of these is the Bigelow breaker. It will 
readily be understood that in the Blake design as 
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shown in Fig. 1 the w’ork of breaking is done on the 
up stroke of the pitman : the Bigelow breaker 
reverses this principle, the swing jaw being carried 
towards the fixed jaw on the down stroke of the 
pitman. In appearance the Bigelow differs little 
from the conventional Blake, except that the 
toggles are inclined upwards from their seats in 
the main frame and swing jaw towards their seats 
in the pitman instead of downwards. 

It is claimed for this design that the pitman being 
in compression instead of tension its liability to 
breakage' is reduced. Further, that the l)reaking 
operation is assisted by the weight of the pitman, 
and also that as the pitman is lift(Kl on the opening 
of the jaw the turning moments of the eccentric 
are equalised. 

The single-toggle or roll jaw' breaker is shown in 
Fig. 2 (Hadfield). Here the jaw stock, F, carries 
the swinging jaw , K, being pivoted on the eccentric 
shaft. A, journalled in bearings forming part of the 
main frame, E, the elliptical movement of the 
swing jaw being secured by the turning of the 
eccentric shaft actuated by the flywheel, Q. As 
in the Blake, breaking is effected between the 
swing jaw, K, and the fixed jaw, L, which is rigid 
with the frame, E, the breaking movement being 
modified and controlled by the single toggle plate, 
M. The fixed jaw is vertical while the swing jaw 
is usually inclined from it at an angle of from 15 to 
20 degrees. 




FlO. 2. — SiNtJLE-TOGGLE BREAKER (HADFIELD). 
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The adjustment between the lower ends of the 
two jaws is accomplished by the adjusting bolts, 0, 
which vary the position of the toggle block, 0, 
thus making the eorres[)onding variation in the 
distance between the jaws. 

These breakers are constructed in a wide variety 
of sizes for differt'ut capacities. For instancb, the 
singl(‘-toggle type, with a fe(‘d end opening of 
10 in. by 0 in., has an output of from 3 to T) tons 
])(‘r hour, based on the breaking of hard limestone 
to 21 in. ring, consuming 0 h.p. at 2o0 r.]).m. 
Such a matdiine is 3 ft. long, 2 ft. 11 in. wide and 
3 ft. ()J in. high, and Aveighs 25 cwt. This breaker 
is, of course, a mere toy comj)ared with the Blake * 
breaker with a feed opetn’ng of 84 in. by 00 in., 
breaking 400 to 500 tons per hour to 9 in., r(‘quiring 
300 h.]). at 125 r.p.m., and weighing 20 tons. 
The si)eed of these breakers usually varies between 
125 and 250 r.p.m. 

Fig. 3 is the Sturtevant roll jaw br(*aker, in which 
the pitman of the Blake type has been displaced 
by a powH^rful cam and roll action, the force of 
this action being such that the cast-iron frames 
Avere found to be too Aveak, and plate steel has been 
substituted. The cam and roll in this breaker 
have long contact surfaces, not indicated in the 
draAving, so that wear is spread out and jar is 
absent. 

On account of the double cam the breaking jaws 
have two strokes to each revolution of the shaft, 
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which means that the machine can be operated at 
a lower speed, reducing vibration and minimising 
the danger of hot bearings. Another feature of 
this breaker is th(‘ heavy rear casting for holding 
th*e frame plates as rigidly at th(‘ back as at the 
front. This easting carries the driving shaft in 
hearings Avhich ari‘ independent of the frame with 



the object of maintaining alignment under all 
conditions. I'he side plates are bolted together, 
but the bolts do not tak<i the strains of breaking 
because the froiit anvil jaw casting is ra})beted to 
the side plates and absorbs the shocks. 

Th(‘se breakers will reduce to IJ in. with a 
capacity ranging from 5 to 7 tons per hour with a 
jaw’ opening of 8 in. by 10 in., to 34 tons per hour 
with a jaw opening of 12 in. by 20 in. The same 
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design is constructed in small sizes for breaking 
to J in. or smaller. The laboratory machine, for 
instance, with a jaw opening of 2 in. by 6 in., will 
reduce from 250 to 600 lb. per hour to J in. with 
J h.p. turning at 350 r.p.m. * 

The Dodge breaker (Fig. 4) is suitable for small 
outputs of dry materials, or for dealing with the 
product from a Blake or gyratory crusher. It has 



Fig. 4.— Bougk Breaker. 


A. 

o. 

Connoctinp i 

]{. Mov:ililc jiiw ppjcsfal. 

U. 

J'rame. 

0. Roll lever. 

K. 

Slums. 

1). Hubher btiffer. 

li. 

Disohiirgo. 

E. I•’l.v\vheel. 

E. Driving jMillov. 

M. 

Sot screw. 


also been used successfully as an intermediate unit 
between the Blake and crushing rolls to produce a 
finer feed for the rolls. It is also well adai^ted for 
preparing the feed for a Huntington mill or a 
Hardinge conical mill. It should never be used if 
the material has any tendency to stick, such as talc 
or clay ; if employed on these or similar substances 
it will quickly choke up. 

This breaker differs from the Blake in that the 
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swinging jaw is pivoted at the bottom, where the 
materia] is discharged after being broken, so that a 
more uniform product than is possible with the 
Blake is secured, the greatest mov^craent of the 
Dodge jaw being at the top, while in the Blake it is 
at the bottom of the swing jaw. 

The 'Dodge breaker is equippfKl with heavy 
hammered steel shafts and trunnions, safety plates 
being inserted behind the jaw' trunnions which 
break if any uncrushable material is fed to the 
machine, thus protecting the more costly parts 
from serious injury. 

It has not been found practicable to construct 
these breakers in large sizes, and the biggest 
machine, with a jaw oj)ening of II in. by 15 in., 
has a capacity up to 20 tons per hour, using 15 h.p. 

Just as the feed opening of the jaw breaker 
varies, so the discharge is regulated in accordance 
with the material being dealt with and the grade of 
product desired. In the smaller machines the 
width of the discharge opening may be | in., and 
in the largest it may be 6 in. or more if very large 
lumps are required. From a study of Figs. 1 and 
2 it is obvious that the lengths of the feed and 
discharge openings are the same, and it is only in 
width that they differ. Another dimension that 
varies is the depth of the breaking space or throat, 
which is usually twice to two-and-a-half times the 
width of the feed area. As a general rule, the 
crushing throat is deep and the swing jaw less 
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inclined to the fixed jaw for dealing with hard 
materials, and is shallow with a more inclined jaw 
for softer substances. 

The majority of the smaller breakers of the Blake 
type are constructed with cast-iron frames,* the 
larger machines being of cast steel. The frame is 
usually east in one piece, though some are con- 
struct(Kl of roll-ste(‘l plates to facilitate transport. 
In such a case the front and back blocks are 
dovetailed into the sid(' })lates to obviate shearing 
stresses on the bolts. The cast -steel frame in 
many of the larger sizes is e(j nipped with strengthen- 
ing ribs or bolts to afford rigidity equal to a cast- 
iron frame, but at the same time permitting 
great reduction in weight. The east-steel breaker 
weighs about half the same size in east iron, at the 
sarnc^ tiin(‘ providing a (tertain amount of elasticity, 
the result being that th(> breaking strain is about 
si.x times that of the east-iron machine'.. 

The swing jaw, pitman and toggles are made of 
cast iron or ste(*l. 

The design and the mat(*rial used in the con- 
struction of the jaw plates, i. e., those parts of the 
breaker actually doing the work, vary with the 
type of machine and the substance being treated. 
For soft materials chilled east iron is often em- 
ployed, but for the harder substances a more 
expensive and tougher jaw is necessary. For hard 
materials manganese steel is a favourite metal, 
being found to resist abrasive and crushing action 
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better than any other. Some jaws are smooth, 
})ut the majority are corrugated. Many of the 
modern jaw faces are cored so as to reduce their 
weight; others, such as the Broadb(‘nt, are 
chain bered out, leaving a flat surface with small 
recesses cast in for securing a thin layer of spelter 
backing. Mason’s jaw is another type consisting 
of a manganese steel shoe fitted with a cast-iron 
back and run in with spelter, the only part requir 
ing reiKiwal being the shoe. 

Most of the swing jaw faces are straight, as 
shown in Fig. 3, but it will be noticed from Fig. 1 
that the upper })art of the face is steep. The 
pyrpose of this is to secure a good nip on the 
pieces and to impart an initial fracture. The 
jaw fac(‘s are. made reversible so that the section 
undergoing the heaviest wear can be turned, a 
double service from each plate thus being available. 
To protect the frame at the side of the crushing 
throat cheek plates are fitted. 

The majority of these breakers are provided 
with some form of safety device so as to minimise 
the damage arising from the introduction of tramp 
iron into the throat. Several designs have the 
driving pulley bolted to a collar which in turn is 
keyed to the eccentric shaft, the connection thus 
formed being comparatively easily sheared, the 
more expensive parts being saved from serious 
hurt. In other machines the toggles are made of 

two overlapping plates riveted together, any 
0 
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unlooked-for strain shearing the rivets without 
disabling the machine. 

The Blake breaker on the whole is exceedingly 
simple and may be relied upon to operate satis- 
factorily even under those conditions of lack of 
care which usually obtain in breaking plants. 
The machine is essentially heavy and *a firm 
foundation must be built for it or dangerous 
vibration is the result. Materials of almost any 
hardness may be reduced provided the jaw faces 
are of suitable metal and design. 

One attention that should always be paid to a 
jaw breaker is lubrication. The machines are 
usually well equipped with lubricating device, 
and these should be made full use of. In one 
Blake, for instance, the end bearings of the eccentric 
shaft and the pitman cap are lubricated by means 
of force-feed grease cylinders. The lubrication of 
the toggle seats is provided for by using oil cups 
placed in easily accessible positions and connected 
by metal tubes to wipers supplying oil where it is 
wanted. 



CHAPTER III 


GYRATORY, DISC AND ROTARY CRUSHERS 

In the gyratory crusher the material is broken 
by the action of a conical head gyrating inside a 
concave jaw or throat. In the Gates crusher, the 
original of this type, the heavy outer shell is some- 
what like an hour-glass in shape ; it is open at the 
top for receiving the raw material, which, when 
crushed, is discharged through a spout inclined 
from one side of its lower lobe. From just below 
the mouth down to the section of smallest diameter 
is the throat of the machine where the actual work 
of reduction is accomplished. The mainshaft, 
suspended from spider arms which span the top 
of the opening, passes through the throat, and has 
keyed to it at that point a massive cone-shaped 
head, free to move within the throat walls and 
reinforced to withstand wear. 

The action of the crushing head in the gyratory 
is somewhat peculiar, having both a circular and 
a rolling movement, approaching successively 
every point of the interior of the throat. This 
action is accomplished by causing a movement of 
the lower end of the axis of the shaft about a small 
circle, such a movement being made possible by 
the universal character of the spider journal at 
the top. In consequence the axis of the shaft is 
always slightly inclined to the true vertical axis of 
the machine. Such action results in a continuous 
breaking of the material, which then drops through 
35 
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Fkj. 5. — Sectional View of Superior McCully 
Gyratory Crusher. 
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at tliat point of the throat from which the head is 
most distant. Tfie concave shape of the throat 
permits the material to be in contact only at its 
edges. This really results in a breaking of the 
material rather than crushing, the product being 
nearly cubical in form. The broken material 
falls on to an inclined diaphragm which protects 
the eccentric and gear, and passing over this 
diaphragm it discharges at the spout by gravity. 

The lower end of the shaft is passed through a 
sleeve which is bored off-centre one-half the 
required gyration, the shaft being operated by a 
gear on the sleeve which receives its power through 
a band wheel. The shaft is adjustable and can 
be raised or lowered to regulate the size of the 
opening between the concaves and the conical 
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head, thus permitting the regulation of the size of 
product and also allowing for taking up wear. 

A typical modern gyratory crusher is shown in 
Fig. 5 (Superior McCully). The body consists of 
four main parts, the lower shell, 156, the top 
shell, 154, the spider, 109, and the hopper. The 
shaft, 100, which carries the crushing head, 101, 
hangs suspended from the spider, while the lower 
end is made to gyrate in a circular or rolling 
movement by the ecceritric, 102. The bevel 
wheel, 103, is keyed to this eccentric, and motion 
is imparted to it by the pinion, 104, keyed to the 
countershaft, 124. 

The movement of the shaft may be simply 
illustrated by holding a pencil in an upright 
position, the top end being held firmly, while 
the bottom is moved in a circle. The shaft, while 
being actuated in a similar manner by the eccentric, 
is free to rotate in either direction about its axis, 
thus eliminating all abrasive action in the process 
of reduction, which is by pressure only. 

Owing to the circular or rolling movement of 
the crushing head, it is continually approaching 
successively every point of the concaves or liners, 
117 and 118, while it is receding from another 
point, the breaking being continuous instead of 
intermittent as in crushers of the reciprocating 
jaw type. 

The material to .be crushed is fed into the 
hopper, and, owing to the wide angle of the spider 
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rim, passes directly into the receiving opening 
between the crushing head and the concaves. 
When reduced the material falls on to a diaphragm 
and is discharged through the spout, 174. 

,In gyratory crushers of the supported type, the 
entire weight and downward thrust of the head 
and shaft is carried on a step bearing at the end 
of the shaft, which is the point of greatest gyration. 
In such a machine the burden of supporting the 
weight and downward thrust of the head and shaft, 
as well as the duty of imparting the crushing 
motion, is all centred at one point within the 
compass of the eccentric bearing. 

The friction caused by the sliding action of the 
shaft on the supporting step imposes a heavy 
strain thereon, and results in heating up and the 
consumption of more power than is necessary. 
The heating is ultimately communicated through 
the shaft to the eccentric, sometimes resulting in 
melting out the babbitt lining and causing delay 
for repairs. In the early stages of the develop- 
ment of the gyratory crusher, and before finer 
crushing was demanded, the supported shaft t 3 ^e 
of machine fulfilled all requirements, but a demand 
for a more finely reduced product has resulted in 
the evolution of a type where the most severe 
work will be withstood without excessive heating 
or wear. 

The use of the side discharge crushers in some 
cases is of great advantage in simplifying the 
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arrangement of the plant. With the type of 
machine shown in Fig. 5 the back gear drive is 
omitted, and the belt for operating the screen and 
elevator can be run direct from the crusher counter- 
shaft, lineshaft or engine. The band wheel may 
be set either on the right- or the left-hand side of 
the crusher when looking into the discharge spout 
This arrangement does not compromise the 
machine, as there is ample room under the inclined 
diaphragm for the bevel pinion, and the opening 
in th(i main frame permits the removal of the 
countershaft bearing and pinion. 

This typo of suspension of the shaft and head 
results in an economy of power from the fact that, 
the suspension sleeve resting on the steel Supporting 
ring has a rolling motion without sliding or grinding. 
To accomplish this result the shaft must be sus- 
pended at the fulcrum point. The sliding action 
at the point of suspension, wlnm it is above or 
below the fulcrum point, is open to the same 
objection as tlie supported shaft. An important 
feature is that the vertical adjustment of the 
shaft is accomplished without changing the set 
angle of the shaft. 

The highly arched spider arms of the modern 
g 3 Tatory permit the largest lumps the machine 
will receive to pass underneath easily, thus utilising 
all the feeding space and making possible the 
maximum capreity of the machine. In the larger 
sizes of the McCully gyratory the top of the spider 
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arms is protected by removable and reversible 
cast-steel shells, the object being to prevent wear. 

Another feature of the modern gyratory is the 
arrangement of the bottom plate to drop out 
from below the crusher, thus doing away with the 
necessity of raising the entire machine to get at 
the working parts for inspection and repairs. To 
this feature has been added the oiling system, and 
finally the introduction of a removable bushing in 
the bore of the bottom plate. 

The oil chamber surrounding the hub of the 
bottom plate is covered by a steel dust-plate, so 
arrang(id tliat it may be removed for cleaning when 
•desired. A brass wearing ring is fitted between 
the under side of the bevel wheel and the upper 
side of the bottom plate hub for maintaining the 
proper mesh of the gears. Tin* bevel wheel and 
pinion arc of steel, and the former can be attached 
to, or detached from, the eccentric easily. 

I’he countershaft bearing is double, each bearing 
being independent of the other, and both being 
prevented from getting out of line by machining to 
gauge the bearings and the shell extension carrying 
them. The countershaft bearing and its seating 
on the extension are both machined to templet, so 
that its position can be automatically obtained. 
The space underneath the bearings forms an oil 
reservoir,, the supply of oil to the bearings being 
automatic. 

The lubrication of the eccentric bearings, as 
2 * 
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well as the gears and the brass wearing ring which 
supports the eccentric, is effected by an oil pump 
located in the oil chamber in the bottom plate. 
This pump consists of two spur gears meshing 
together and enclosed in a tight casing attached to 
the bottom of the eccentric and rotating with it. 
The main gear is operated by a lever resting against 
a lug on the bottom plate. The entire pump is 
submerged in oil and its action is positive, there 
being no possibility of its operation being inter- 
rupted as long as the supply of oil is adequate. 
The result is a continuous flow of oil from the 
pump up through the inside eccentric bearing to 
a chamber at the top of the eccentric. From this 
chamber it flows down through oil grooves in the 
outer eccentric bearing, any surplus oil being 
diverted through an opening in the centre hub 
into the gear chamber. 

Instead of a dust protector a sealing device for 
the eccentric is fitted, consisting of a cast-steel 
oil bonnet and hood, the oil bonnet being machined 
on the bottom and resting on the top of the 
eccentric, rotating with it. Surrounding this 
bonnet is the hood, which is shrunk on the shaft, 
clearance being allowed between the bonnet and 
the hood to eliminate wear. 

The crushing heads on these machines are made 
either of chilled iron or manganese steel, and with 
either smooth or corrugated surfaces. Where the 
material to be crushed is soft and not of a cutting 



GRINDING MACHINERY 


43 


nature, chilled iron concaves and head are generally 
recommended, but for very hard, abrasive material 
manganese steel is desirable. 

The chilled iron heads are made solid and bored 
for their entire length to fit the shaft, being 
secured against turning by a feather key, and 
held down on the shaft by two nuts. In some of 
the larger sizes of gyratories the heads are zinced 
to fit the shaft, and fitted with self-tightening 
nuts, forcing the head down on the taper of the 
shaft. Where the latter system is adopted no 
feather key is necessary. 

It is general practice to fit the manganese steel 
4ieads with a cast-iron core or centre fitted to the 
shaft, the manganese steel shell or mantle being 
on the outside. This mantle is zinced on the 
inside to fit the core, and the top is ground true 
to form a seat for the self-tightening nut, a neces- 
sary precaution owing to the loosening of the 
mantle by peening and expansion of the steel. 
In this type of construction it is only necessary 
to renew the mantle when the head is worn. 

The peening action on the heads of small 
gyratories is not particularly troublesome, con- 
sequently the heads are usually made solid as in 
the case of the chilled iron heads. 

For the concaves or liners either chilled iron, 
manganese steel or a combination of both is used, 
depending upon the nature of the material to be 
crushed. In some instances the concaves are 
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made with the upper two-thirds of chilled iron 
and the lower one-third of manganese steel. 
Each typo of concave has its peculiar advantages 
under certain conditions of operation. 

To prevent the concaves from workiiig up when 
set in the machine, a rib is cast on the back near 
the upper end and projects into a groove formed 
in the top shell to receive it, thus strengtliening 
the concaves at a vital point. 

As a general rule it may be said that gyratories 
require less power for operation than jaw breakers, 
but that repair costs arc heavier. An advantage 
of the gyratory is that less supervision is required 
for the feed to the machine. ‘ 

A gyratory gaining in favour, especially in 
America, is the short-spindle machine, which is 
constructed in two types, the primary and the 
secondary. Fig. 6 shows the Telsmith primary 
short-spindle crusher which has a rigid central 
shaft which neither turns nor gyrates, restmibling 
more than anything a huge bolt through the 
crusher structure. It will be seen from the drawing 
that this shaft and the sleeve eccentric shorten the 
crusher structure by about one-third, which means 
that less accommodation is required than for the 
ordinary gyratory. The crusliing stroke is parallel, 
the eccentric acting directly on the head, producing 
a horizontal movement which is uniform through- 
out the crushing space. With a throw 

eccentric the movement of the crushing cone, both 



GRINDING MACHINERY 


45 


at the top and bottom of the conical head, is in. 
The eccentric is very long, extending from the 
bottom spider almost to the crown. 

On its lower face the crusher cone carries a 



shank which fits inside and is fastened to the 
adjustment plate by means of a sliding key. 
While crushing, the head and plate operate to- 
gether, but the head can be raised or lowered on 
the adjusting plate to alter the discharge opening. 


46 


CRUSHING AND 


The primary machine discharges vertically 
through a three-arm bottom spider, the discharge 
chute being made independent of the crusher 
structure. The countershaft is removable, the 
journal being lubricated by a branch from the 
main oiling system, with a sight feed to regulate 
the flow of oil. A reserve supply of oil is kept in 
a tank below the crusher structure, which is easily 
accessible for cleaning. About one-half the oil 
supply is retained in the tank where it is strained 
and (joolcd before re-usc. 

The Telsmith primary in equipped with head 
and concaves of chilled iron or manganese steel, 
the head in the smaller sizes being either smooth 
or corrugated ; in the larger sizes the corrugated 
head is standard. 

The primary will crush from 12 tons to 1 in. to 
325 tons to 4 in. per hour, the machine being 
constructed in seven sizes. The smallest crusher 
requires 15 h.p. and the largest 100 h.p. 

The Telsmith reduction or intermediate crusher 
is essentially a re-crusher to reduce 4 in. to 8 in. 
lumps down to | in. or 1 J in. The outer structure 
is large in diameter, but very squat, the frame 
castings being made massive with walls reinforced 
by heavy vertical and horizontal ribs. The funda- 
mental difference between the primary and the 
secondary crusher is that in the former the frame 
is flared outward at the top to increase the feed 
area, while in the latter the head and crushing 
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chamber are flared outward at the bottom to 
increase the discharge diameter. 

The reduction crusher is equipped with head 
mantle and liner plates of manganese steel, the 
cnushing movement being a straight horizontal 
pinch without grinding action. The smallest 
machine will crush 4 in. material down to | in. 
or 1 in. at the rate of from 10 to 20 tons per hour, 
using a maximum of 20 h.p. ; the largest machine 
will crush 8 in. lumps down to 1} to 1 J in. at the 
rate of from 50 to 90 tons per hour, using 50 h.p. 

Among the gyratory breakers may usefully be 
examined the Symons machines, which are made 
in both vertical and horizontal types. 

Fig. 7 illustrates the Symons vertical breaker. 
The capacities of these machines and the con- 
ditions under which they may usefully be operated 
vary so widely that it is not really practicable to 
put down such data as capacity, feed, product, and 
so forth. Such breakers find their scope in the 
reduction of such materials as coke, gravel, lime- 
stone, porphyry copper ores, monzonite quartz, 
hard pyrites and graphitic schist. 

In the design and construction of the vertical 
breaker it has been found advisable to distinguish 
between coarse and fine crushing, the upper discs 
being modified in accordance with the product to 
be dealt with, all the other parts being inter- 
changeable. For instance, under the head of 
coarse crushing would be classified the reduction 
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in one pass of material 5 in. in size, such as the 
product from a breaker of the Blake typo, down 
to 1 in. and finer. This means that with the 
discs set about J in. open on the closed side, the 
machine will take material up to 5 in. in siae. 



Fig. 7.— Symon.s Vektigal Dlsc Chushkh (SAKDVcRorT). 
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Under such conditions the capacity is from 100 to 
200 tons per hour, requiring about 65 h.p. As 
another example, a Symons crusher of the vertical 
type is reducing in one pass 3 in. to 4 in. material 
to J in. and finer, the output being from 35 to 
50 tons per hour, with 55 h.p. 
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Under those conditions which may be referred 
to generally as fine breaking, the vertical machine 
will take a feed ranging from in. to 21 in. and 
reduoii it one pass to i in. and finer. Exactly 
what percentage can be reduced to | in. depends 
naturally upon the character of the feed. For 
example, a substance which cubes readily will 
obviously give a larger projjortion of in. and 
finer than one whiiih tends to break up into small 
slabs. Breakers operating under these conditions 
have a capacity of from 20 to 35 tons per hour, 
depending upon the nature of the matiTial, the 
power required being around 60 h.p. As a general 
rule setting the di.scs clo.ser than in. on the 
closed side is not to be recommended. 

The rnachiiK? consists es.sentially of a main 
frame, A, an inner vertical circular pedi'stal support 
to which is bolted a flanged sleeve around which 
rotates the outer shaft or driving spider, B, 
supported on the rollers, C, and driven by the 
outer pinion, D, through the outer gear. The 
outer shaft carries with it as it rotates the lower 
spring plate, E, the spring bolts, E, u])per spring 
plate, G, and the adjustable upper spring plate, 
H, to which the upper disc or crushing face, K. is 
attached. Heavy springs, L, are placed between 
the upper and lower spring plates to give the 
necessary breaking pressure and also to act as a 
safety device to prevent undue strains being set 
up in the machine in the event of tramp iron or 
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.other uncrushable material getting between the 
crushing faces. 

All these moving parts, with the two discs, 
K and M, revolve in the same direction at the rate 
of 50 r.p.m. The eccentric, N, which is bored and 
bushed to act as a bearing for the stalk of the 
wedge, 0, is rotated inside the bushed sleeve at 
about 350 r.p.m. by the gear wheels, P and Q, 
but in the opposite direction to the two discs. 
The rotation of the eccentric imparts a sliding 
eccentric movement in a horizontal plane, or, in 
short., a gyratory action, to the wedge, 0, as it 
turns. This gives through the lower disc plate a 
wave motion to the disc, M, and is an essential^ 
characteristic of the machine as it produces in 
this manner at the peak of each wave a crushing 
and not a grinding action. 

The material to be crushed is fed through the 
spout into the cavity between the revolving faces 
and is discharged through their peripheries. The 
travel of the material between the feed between 
the discs at the centre to its ultimate discharge at 
the peripheries is automatic and continuous, being 
due to centrifugal action. The substance under- 
going treatment is arrested for an instant as each 
of the successive crushing impacts is imparted to 
the lower disc at each wave crest. 

Three t 3 rpical capacities of this machine are as 
follow : 120 tons per hour reduced from 5 in. 
cube to IJ in. cube with 65 h.p. ; 100 tons per 
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hour reduced from 4| in. cube to 1 in. cube with 
65 h.p. ; 35 tons per hour from 2^ in. cube to 
J in. with 60 h.p.; all these reductions Ixdng 
effected in one pass. 

The horizontal form of the Symons disc crusher 
is shown in Fig. 8. Here the crushing is t'ffected 
betw(‘en two saiu^er-.shaped discs, B and C, of 
manganese steel so arranged that the concave sides 
face each other. The outer crushing disc, B, has 
an opening in the centre through wliich the feed 
is conveyed by means of a hopper to the spaca? 
between th(? discs. This disc is bolital to a strong 
flange which is part of a hollow shaft, F, carried 
in two main bearings that form an intt^gral part of 
the crustier frame. This hollow shaft is rotated by 
a pulley, L, situated between the frame bearings. 

The inner crushing disc, (', is attached to a 
casting which is fitted with a splu'Hcal bearing, 
I), at the back, which in turn is mounted on a 
taper shaft, E, passing through the chamber of 
the hollow shaft, F. Tlu? taper shaft extends 
beyond the end of the hollow one, and thence 
through the boss of an eccentric pulley, G, which 
rotates independently inside an extension bearing 
on the main frame. 

The eccentric pulley does not rotate the inner 
shaft as it is not attached to it in any way, but 
merely imparts to it a gyratory motion causing 
the inner disc to oscillate rapidly to and fro in 
relation to the other disc. 
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The eccentric pulley is rotated in the opposite 
direction to that of the pulley, L, attached to the 
hollow shaft in order to increase the number of 
crushing nips in a given time. It must be under- 
stood that the two crushing discs turn in the same 
direction and at the same spc'cd, the outer one 
revolving in a vertical plane, whilt? the inner one, 
in addition, is subject<‘d to a .series of undulations 
causing three or four crushing strokes per revolu- 
tion of the disc. As in the vertical tyjK? there is 
no grinding action between the faces of the disc. 

These crushers are made in four sizes and will 
crush up to 90 tons per hour, consuming as a 
•maximum (35 h.p. The biggest piece accepted 
by these crushers must not exceed 15 in. hi length 
and 10 in, in thickness, which will be reduced to 
H in. ring. The smallest size will reduce 4 in. 
material to i in. with 12 h.p. 

Though not a gyratory machine, with which class 
it must not be (confused, the rotary crusher may 
usefully be considered in thi.s chapter, though it 
finds its application more in the field of secondary 
than in primary reduction. This machine is 
particularly useful for dealing with softer materials, 
provided they contain no considerable proportion 
of silica quartz, or similar cutting materials. The 
rotary will produce large quantities of J in. or 
finer product without the aid of screens, with a 
range of output from one-quarter to 50 tons per 
hour. 
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This crusher is arranged for feeding at the top, 
the outlet for the crushed product being situated 
towards the bottom of the body. It is constructed 
with a central steel vertical shaft turning in babbitt 
bearings. On this shaft are slipped the mill 
stone nuts, which also carries crushing cones and 
an outer casing, lined with renewable hollow cones. 
The accelerating furrows hasten discharge and 
prevent clogging. A feature of this machine is 
that it can be regulated for coarse or fine work 
while in operation. 

The material is reduced by a grinding action. 
First, the upper millstone nuts have a continuous 
nipping action; secondly, the lower cone reversed 
this action and substitutes a shredding, rubbing 
and millstone-grinding principle. 

The discharge opening is as great as the circum- 
ference of the feed and allows the material to pass 
out as soon as it is fine enough. The three 
operations — crushing, grinding and discharge — 
are continuous, there being no reciprocating 
movement. 

The feature of this crusher is that it can easily 
be opened out, exposing the wholf' of the interior 
for inspection, repair, or removing any uncrushable 
material which may have got in. These machines 
have a high capacity and are economical in power ; 
for instance, one machine will crush 6 tons of 
gypsum to J in. per hour, consuming only 15 b.h.p. 



CHAPTER IV 


CRUSHING ROLLS 

Crushing rolls have been very successfully used 
for a variety of reducing purposes in chemical and 
otTier works. For some time after their first intro- 
duction very few changes were made in the design 
of thft type of machinery, but a more extensive 
use of rolls during recent years has led to con- 
siderable improvements not only in design, but 
also in the method of operating them. As a 
result of these improvements a finer product and 
a much greater capacity are obtainable from the 
modern than from the older rolls. These machines 
•may be employed for reducing materials of various 
hardnesses, as well as such substances as clay and 
shale, and they can be operated both for wet and 
dry crushing. Rolls are becoming increasingly 
popular for certain classes of work because the 
operation of a good set of rolls is smooth, continu- 
ous and economical when run under proper con- 
ditions and management. 

Rolls are essentially machines for comparatively 
fine crushing, and for this reason they are usually 
employed to deal with the product from either a 
gyratory or jaw breaker. Under normal con- 
ditions, crushing rolls may be used where the 
material to be dealt with is not over 6 in., when 
crushing in the ratio of 4 ; 1, being reduced to 
2 in. and downwards, the best possible results 
being obtained when as fine a reduction as possible 
65 
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is first accomplished in a breaker. As a general 
rule, the largest size of material fed to rolls should 
not, to get the best results, exceed in. It will 
readily be understood that the gripping capacity 
of a pair of rolls is limited, and any attempt to 
feed pieces too large for efficient nipping will 
probably lead to choking of the machine if the feed 
is heavy, and, conversely, if the feed is light, 
grooves will he worn in the roll shells by the riding 
of ungripped lumps. In any case waste or damage 
or both will be the result. 

The double roll crusher consists essentially of a 
pair of identical or similar rollers revolving towards 
each other on horizontal parallel shafts, (see Fig. 9) 
These rollers are set with a fixed space between 
them, the material to be crushed being fed between 
the rolls, nipped, crushed and, on being carried 
into the horizontal plane of the two roller shafts, 
discharged. 

In the majority of cases one roll is made movable 
so as to provide for the passage of imcrushable 
material without damaging the rolls. In other 
cases both rolls are movable, as in the balanced 
type. The movable roll is either held to its work 
by springs behind it operating against the frame, 
or is drawn up by springs working through tension 
rods. Several designers still employ the principle 
of fitting springs behind the roll, but in most of the 
later types the tension rod principle is used so as 
to obviate the need for the special braces. In 
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some rolls, notably the geared type, rubber springs 
are often employed. The movable pedestal 
usually slides on the frame of the machine, though 
sometimes it swings into position on a heavy 
pivoted arm, as in the swing arm roll. * 

It is, of course, important in adjusting the set 
between the rolls to maintain parallelism bf‘tween 
the surfaces, and, to provide for this, some rolls 
are “ synchronised,” i. e., the adjusting nuts are 
moved together automatically. 

When feeding small particles, the rolls can be 
made of small diameter, but small diameter rolls 
should not necessarily be installed to follow those 
of large diameter for dealing with the coarse 
material. As the small diameter rolls are not 
constructed as heavily as those of large diameter, 
the pressure that can be exerted on the work is 
much less, and some of the particles may escape 
being crushed on account of the rolls opening up 
under a heavy feed. This can be overcome by 
employing rolls of the same diameter for the fine 
as for the coarse material. Another advantage 
of the single size is that the stock of spare parts is 
halved. 

It has also been demonstrated that where the 
tonnage is large enough to warrant the first costs, 
large diameter rolls are more economical than 
those of small diameter, even when used on small 
sizes of feed. 

Rolls vary considerably in type according to the 
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various classes of materials for which they are 
designed, but for the sake of convenience they may 
be classified broadly under five main types — the 
standard or belted rolls, the geared or Cornish 
rolfs, high speed rolls, rigid rolls and balanced 
rolls. The type of roll face varies considerably. 

The 'standard roll is belt-driven at a normal 
speed of from 40 to 60 r.p.m., both rollers being 
driven. The rolls are of various diameters up to 
about 72 in. 

The geared machine employs rolls of equal 
diameter, usually from 15 to 40 in. One roll may 
be wider than the other, the width generally being 
irom 9 to 18 in. The wider roll rotates in fixed 
bearings on a rectangular frame, being direct-driven 
by gearing. The other roll turns in movable 
bearings, gear-driven from the fixed roll. The two 
rolls in this typo of machine are usually about J in. 
apart, the space being maintained by shims or 
distance pieces inserted between two pedestals. 
Springs mentioned before prevent any further 
separation between the rolls unless some tramp iron 
or other uncrushable material is fed to the machine. 
The usual speed of these rolls is 15 to 25 r.p.m., 
the capacity being from 4 to 8 tons per hour when 
reducing from IJ in. to 2 in. to J in. and smaller. 
The power required averages from 10 to 20 h.p. 

The geared type of rolls has often been objected 
to on the ground that the set is not easily main- 
tained after wear on account of the movable roller 
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being gear-driven from the fixed roll. This objec- 
tion is not serious when it is realised that the 
movable roller is, during work, actually operated 
by friction from the fixed roll through the material 
being crushed. On the ^^'hole these crushers are 
exceedingly reliable. 

The high-speed roll is a fine crushing riiachine 
and operates at a speed of from 100 to 200 r.p.m. 
The faces of the rolls are narrow, being only about 
6 or 8 in. wide. These machines will crush from 
6 to 10 tons of I in. down to in., employing from 
20 to :K) h.p. 

In the rigid rolls both rollers are fixed and are 
used only on fine material where there is littlt 
likelihood of uncriishable material being admitted. 
To provide against any such contingency, however, 
a cheap breaking-piece is inserted to save the more 
expensive parts. These rolls are run at high 
speeds and have a comparatively low capacity, 
though their output is regular. 

Such, generally, are the divisions into which 
modern rolls fall. It is, however, impossible to 
assign every roll crusher to a definite class, so it is 
thought best to describe some of the better-known 
types and to give some indication as to the kind 
of work for which each is best suited. 

The Garfield (shown in Fig. 9) belongs to the 
standard or belt-driven class, in which the rolls arc 
so designed that oversize shells can be used to 
increase the wearing surface; for instance, the 
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42-in. Garfield roll is often equipped with shells 
43J in. in diameter. The frame of this machine 
consists of a box-section semi-steel casting, made 
in one piece in the smaller sizes, but as a two-piece 
structure in the larger rolls, the frames l)cing held 
by fitted bolts. The pedestals for the fixed shaft 
bearingi are cast integral with the frame, and the 
lower half of the housing is a part of the frame. 
This part of the roll housing is so designed that the 
crushed material does not come in contact with the 
housing, thus saving a good deal of wear. That 
end of the roll frame nearest the fixed roll shaft is 
cast so as to form a seat for the roll springs, and 

cored out to accommodate one end of the springs. 
Bosses are cast on the frame for the anchor bolts — 
an important point where heavy tojinages of hard 
material are treated. 

A bronze collar made in halves is placed on the 
end of the shaft and fits into the recess. Sur- 
rounding this collar is a cast-iron cap, also made in 
halves, and provided with threads to engage the 
threaded end of the journal box. By turning this 
collar either way the roll faces may be aligned to 
suit. When the adjustment has betm made, a 
dog attached to the journal engages with the 
recess in the adjusting cap and prevents further 
turning of this cap. Arrangements are made to 
keep this bronze collar running in oil. 

Springs to exert sufficient pressure for c^’ushing 
materials of extreme hardness are interposed 
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between the end of the roll frame and the spring 
cage. The spring cage is of cast steel, arranged to 
hold the springs in place and to provide a seat for 
the capstan nut of the tension rod. 

An objection frequently made against employing 
high speeds for this type of roll crusher has been 
the difficulty of obtaining adequate nip, but with 
the larger rolls and choke feed the old-established 
standard of 1000 ft. per minute peripheral speed of 
the shells has been nearly doubled. Such a higher 
speed has been made })ossible by the fitting of 
fly-wheel type pulleys. 

The output of a pair of crushing rolls adjusted 
to reduce to a certain size depends upon the width 
of the crushing faces and their peripheral speed. 
An increase in either or both, always given that 
the feed is properly nipped, results in an increased 
tonnage. With usual operations, one-third of the 
theoretical ribbon is considered good capacity, 
but if choke feed is employed the full ribbon may 
be obtained, the pressure opening the rolls slightly 
wider than the original set. As a general rule 
better results can be obtained from the use of 
rolls by heavy feeding and stepped reduction of 
about 4 : 1 in each set of rolls, but in special cases 
and particularly in the finer sizes larger reduction 
ratios are possible under constant operation. 

In this ty^ of crusher the rolls are more liberally 
designed than has been the usual practice, with the 
view of allowing easy access for inspection and 
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repair. The two adjustments, alignment of shells 
and size of product, can be made while the rolls are 
in operation. If an extra set of shafts with the 
cores attached is carried in stock, these spare shafts 
ma*y be equipped with new shells at any convenient 
time so that they are ready for immediate replace- 
ment an the rolls. The dust plates are designed 
to prevent the escape of dust during operation. 

A serviceable crusher for obtaining a uniform 
product with a high capacity is the Sturtevant 
balanced crushing roll. In this construction 
neither roll is fixed, but both yield equally on 
encountering tramp iron or some other uncrushable 
material. Rolls of this t 3 rpe are durable and will 
run with very little attention, while simplicity in 
design is combined with rigidity of construction 
and easy access to the vital parts of the machine. 

On these rolls the three-to-one reduction has 
been found the best, i. e., 3 in. to 1 in. or 2J in. to 
I in. If a larger reduction is required it is found 
more economical to employ two sets of rolls, the 
first reduction being from IJ in. to J in., and the 
second reduction from J in. to J in. 

These rolls will, when fed properly, crush the 
hardest material to a granular product. In the 
balanced construction mentioned above springs 
are fitted at the back of all four bearings, allowing 
each roll to move equally and oppositely at the 
same time. The springs are backed by a pair of 
tie-bolts on each side of the machine which register 
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the relative position of the rolls in the supporting 
side frames. 

These rolls will give good results when installed 
to obtain a product which is easily classified, and 
where the production of a powder is a serious 
objection. 

The majority of these roll crushers in ay be 
fitted with either smooth or corrugated roll shells, 
and for many purposes the corrugated and toothed 
rolls arc more efficient. It will easily be under- 
stood that in a roll equipped with a toothed face 
larger pieces can be dealt with because the nipping 
action of the rolls is aided by the action of the 
teeth, which grip and pull between the rolls pieces 
of raw material which would ride on smooth rolls. 

In one such type of machine strong knobs or 

sluggers ” arc cast on the renewable roll shell for 
breaking down the larger pieces of feed material. 
The opposing rows of sluggers on the shells are 
staggered so that those on one shell operate 
between those on the other. This machine 
belongs to the balanced type of roll crusher. 

In the cubing roll, the rolls are of cast steel or 
manganese steel and fitted with flat-ended teeth, 
for cubing granite, limestone and similar substances. 
Such rolls are generally used in conjunction with 
jaw crushers and will take pieces up to 6 in. cube, 
reducing them to 2J in. cube in one pass. The 
teeth of the /oils arc designed so that the minimum 
of smalls is formed. The larger sizes of these 
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rolls with rounded teeth are often used for crushing 
iron ore and similar materials, in which case they 
are usually adjusted to crush to about 4 in. cube. 
A pair of rolls of this type of 36 in. diameter and 
4:>in. wide will crush 150 tons of iron ore per hour. 
The smallest of these machines, with 16 in. diameter 
rolls, will crush from 10 to 12 tons per hour to 



Fia. 10 .— Jep'fkey Single Rolj. C’rijshkr. 

in. cube, using from 15 to 18 li.p., the rolls 
turning at 45 r.p.m. 

The single roll crusher or breaker is a simple and 
economical unit finding a wide field in the reduction 
of coal, bone, alum, salt and similar materials; it 
will deliver a product particularly free from dust. 
The construction and operation of this crusher 
will readily be understood from an examination 
of Fig. 10, which shows a Jeffrey single roll crusher. 
3 



66 


CRUSHING AND 


This machine consists of a heavy cast-iron frame 
mounting a toothed crushing roll and a breaker 
plate. The breaker plate is hinged at its upper 
end, and is held in position by a pair of adjustable 
tension rods at the lower edge. By means of 
these rods the opening between the breaker plate 
shoe and the surface of the roll can be varied to 
give any size product desired. 

The V-shaped opening or maw formed by the 
stationary breaker plate and the turning roll has 
been so designed that, when acting in conjunction 
with the natural angle of repose or flow of the 
material being broken, the long teeth of the roll 
readily grip the large lumps and reduce them to 
such a size that they are quickly crushed to the 
desired size between the short teeth of the roll and 
the breaker plate. 

As a protection against tramp iron and other 
foreign uncrushable material, the driving pulley 
of the crusher is not keyed to the shaft, but is 
mounted on a separate hub which it actuates 
through a set of wood pins inserted in holes in the 
pulley arm. When the crusher is subjected to 
any undue strain through a piece of iron or similar 
material being fed to it the wood pins are sheared 
off and the crushing roll stops, while the pulley 
keeps on revolving. A pair of heavy springs is 
fitted to the tension rods; these springs do not 
move under ordinary conditions, but when unusual 
pressure is placed on the breaker plate they yield 
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slightly and take up the inertia of the parts, 
allowing time for the pins to shear without any 
important part of the machine being broken. A 
clamping effect is produced by adjustment of the 
crdss-rod bolts between the side frames, whereby 
sufficient friction is brought upon the hinged 
breaker plate to eliminate (ihattering, and also to 
assist the safety device as described above. 

Motor drive is especially suited to this machine, 
with a belt from the motor pulley to the band 
wiieel. If space is valuable the pulleys and belt 
may be replaced by g(‘ars. 

These crushers may b(^ employed for breaking 
Jo any size from 1 in. to 6 in., and the 30 in. by 
30 in. machine, for instance, will take f)i(‘ces up to 
about 24 in. cube. The output varies, of course', 
with the size of the machine and the size of product ; 
for instance the Jeffrey 18 in. by 18 in. crusher will 
take lumps of hard bituminous coal up to 8 in. 
cube and grind them to 1 in. at the rate of 25 tons 
per hour, consuming 4 h.p. per hour for ('ach ton 
of coal crushed. 

The double roll toothed crushers are particularly 
suited to the ordinary break-down service of 
certain friable materials where the product is 
required to be of fairly uniform sizes, but not of 
the average uniform sizes obtained with the single 
roll crushers. The rolls are fitted with renewable 
toothed segments or rings while a spring safety 
device ordinarily prevents injury to the machine 
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from foreign substances such as tramp iron. The 
compression springs are held on tension rods 
which have a wide range of adjustment, so that a 
product of any desired size between 6 in. and J in 
can be obtained with the same machine, and the 
rolls can be opened wide to act as a })y-pass if it is 
desired to let the mat(‘rial pass uncrushed. . 

These double roll crushers are all very similar in 
design, the principal diffenmcc betw('en the various 
machines being in the toothed segments or rings 
which are fitted to the rolls. Several styles of these 
rings and segments are supplied according to 
the material to be n'duced, and according to 
whether a line, medium or (joarso product is 
required. 

The coke crushers are fitted with what are called 
“ coke-sizers which have the effect of reducing 
the (;oke to cube-form, the size of the product, 
corresponding to the adjustment of the tension 
rod. The coke crushers are capable of dealing 
with up to 40 tons per hour when reducing to 2 in. 
and finer with 25 h.p. at 125 r.p.m. 

For reducing coal to a finer product, ?*. e., from 
J in. or J in. to dust and for making coke breeze, 
the rolls are run at different speeds and fitted with 
semi -steel corrugated segments, and a safety 
spring toggle is provided to protect the machine 
from breakage by foreign substances. A some- 
what similar machine is used for crushing salt and 
such substances, the 10 in. by 24 in. crusher 
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reducing 2500 lb. of salt per hour to J in., requiring 
from 5 to 7 h.p. 

Very often double or triple sets of superimposed 
rolls are employed for reducing run-of-mine coal 
to small sizes. In these machines each set of rolls 
is toothed or corrugated, the coal being fed to the 
largest toothed rolls at the top of the machine, the 
product then passing to smaller toothed rolls and 
so on, until the finished product is about I in. 
These machines are nece.ssarily cumbersome and 
cannot. b(* made in small sizes l>ecause the opening 
must be larger enough to I’eceive the coal, which is 
generally very irregular in sha])e. Th(‘ same 
^ia(^hines are emjdoyed for reducing such sub- 
stances as hard marl, in which ease an output of 
40 tons per hour with a double set of Foils is 
obtainal)le. 

Unless special provision is mad(^ for seeui’ing the 
rolls to their foundations it is good practice to 
plac(^ timber sills betwt^en the roll frame and the 
concrete base, the roll frame being secured to the 
sills by bolts independent of those holding the sills 
to the concrete. 

The sj)rings of the rolls should always ])e under 
heavy compression when the rolls are running to 
secure the best crushing effect, and also to prevent 
any undue vibration, since it must be ri‘membered 
that these are high-speed, heavy-duty machines. 

Wlien roll-steel shells are used it is advisable to 
heat the shell as evenly as possible before the core 
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bolts are tightened up so that the shells will be 
secured more firmly by shrinkage on the core when 
they cool down. 

Cheek plates should never be adjusted too close 
to the roll shells, especially when the feed to the 
rolls is large. It is found to be bettcT practice to 
allow some slight spillage of the feed at the side of 
the roll shells, even if there is a tendency toward 
oversize in the roll product. A proper distribution 
of the feed across the roll faces, both as to quantity 
and as to equal percentage of sizes, is v(‘ry im- 
portant. The nearer it is possible to introduce 
the stream of raw material in an even ribbon falling 
vertically and directly into^the opening between' 
the roll shells, the nearer is the approach to the 
ideal feed. If such a feed can be arranged so as to 
be falling at tlu^ same rate as that at which the 
rims of the roll shells are travelling, the feeding 
conditions may W(;ll be consider'd as being perfect. 

Daily inspection of the roll-shell faces will give 
ample warning of any tendency to (jorrugate and a 
proper adjustment of the feed will correct such a 
tendency. 

Contrary to a somewhat popular impression, roll 
crushers give better results when operating under 
full load, and the reduction is also more uniform. 

It should not be forgotten that where heavy 
rolls are installed some provision should be made 
for easy handling of the roll shells. If a battery 
of rolls is housed under one roof an overhead crane 
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will be a paying proposition. If the crushers are 
used at various spots about the plant, a walking 
crane will be quite satisfactory. 

The importance of having a uniform and con- 
tinuous feed has already been mentioned. When 
the rolls are fed from revolving trommels and 
screcils, or when they reerush jig tailings, the feed 
is usually sufficiently regular not to require a 
feeder. But when the rolls are fed directly from 
storage bins or hoppers it is essential to use a 
feeder to control the stream of raw material. This 
feeder should not be set directly on top of the roll 
housing because it will be in the way when the 
• rolls are dismantled for repairs. It is also more or 
less inaccessible and every time the rolls are dis- 
mantled the drive connection must be disturbed. 
The feed is also not qtiite so continuous because of 
the short spout connections. It is, therefore, 
preferable to put the feeder directly on the bottom 
of the bin and connect it with the roll hopper by 
means of a light and easily removed spout. The 
feeder is preferably operated by a pulley mounted 
on one of the roll shafts so that Avhen the roll is 
stopped the feed is also discontinued, thus pre- 
venting choking of the spouts. 

Two diagrams of speed and ca})acity and horse- 
power tables for rolls with smooth shells and for 
corrugated shells are shown in Figs. 11 and 12 
respectively. These are the results of a scries of 
tests carried out over long periods and should be 
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of service in deciding on the type and size of roll 
crushing equipment best fitted for a particular job. 
The diagrams show the best speeds for rolls of 
various diameters and sizes of feed. 

The diagonal lines in the diagrams represent 
standard rolls of the diameters indicated and show 
th(' limit of their gripping capacities at a ni])ping 
angle of 31 degrees and a crushing ratio of 4:1. 
The gi’ipping limits are determined with the roll 
shells worn to a safe minimum thickness. Rolls 
efjuij)ped with new shells will grip a proportionately 
larg(>r size. 

Below the f(‘ecl siz(* is gi^■(Ml the ring size of the 
finished jn’oduet in inches when crushing 4 : L 
The mesh of the cloth corresponding with the 
product is also given in the smooth shell diagra?n. 

The horizontal lines in the diagrams r(;present 
the peripheral speeds given at their left ends. 
I'hesc periplieral sj>eeds are controlled principally 
by the size of the particles fed to the machine, the 
roll diameters and the nature of the raw material. 
Rolls of large diameter can be run at higher 
peripheral speeds than those of small diameter, 
due to the smaller pressure per square inch and the 
lower rubbing velocity in the bearings. 

When crushing a material of medium hardness 
the roils should be run at the speeds indicated in 
the diagrams. When crushing soft or very soft 
substances the speeds may be increased by as much 
as 50 per cent., but the peripheral speeds should in 
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no circumstances exceed 1500 ft. per minute with 
smooth rolls, and 1300 ft. per minute on rolls 
ecpiipped with corrugated shells. No fixed laws 
can be laid down for roll speeds since so much 
de])ends upon the quantity and nature of the feed, 
and this is a matter which must be judged with 
extreilie care, taking into consideration all the 
factors involved. 

For the sake of convenience, the propcT number 
of revolutions per minute for the rolls of various 
diameters are tabulated to the ltdt of the corre- 
sponding peripheral speeds. 

Th(' parabolic curves indicate uniform capacity, 
•and their values in tons per hour when crushing 
to the size shown are given at the bottom of the 
diagra?n for dilTereut face widths of rolls. These 
caj)acitics represent 33J p(T cent, of the theoretical 
volume of ribbon between the roll shells, and are 
directly ])roportional to the peripheral speed and 
size of product. 

The power required to operate crushing rolls 
depends entirely upon the capacity or tonnage 
per hour, the ratio of reduction, the nature of the 
raw material and the amount of loss by friction. 
The power required for crushing both soft and 
hard materials is given for different capacities. 

The use of the diagrams will perhaps best be 
explained by tw o examples. Let a case be assumed 
where it is necessary to feed medium hard materials 
l-l in. in diameter. Directly below 11 (Fig. 11) 
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is found the figure 0-275, which shows the resulting 
product in inches for a reduction of 4 : 1. corre- 
sponding to particles of two rnesh in size. Follow- 
ing down the vertical line below 1-1 we find that 
the smallest rolls with smooth shells which will 
grip this material are 30 in. in diameter. From 
the point of intersection of the vtntieal with the 
diagonal for a 30-in. roll, following tin* nearest 
horizontal line to the left, we lind that the peri- 
pheral speed should })c 520 ft. per minute. In the 
column showing th(‘ speed for the 30-in. rolls avc 
se(^ that they should run at 65 r.p.m. 

The fiearest parabolic curve to th(‘ intersection 
referred to above, if followed dow n to the border^ 
shows in the line of figures for 14-in. face that 
14 tons can be crushed per hour. 

In tlu^ horse-pow'er table we iind by jnter|>olation 
that 10 h.p. will suffice to operate the rolls. 

To take a second cxam})le : Let it bo recpiired to 
produce, under a perfectly continuous even feed, 
about 600 tons of 2-in. material per hour, the 
material being soft linu)stone, 6 in. ring size. 

In the diagrams for rolls with corrugated shells 
(Fig. 12) w'c find a feed of 6-in. ring size indicated 
Avith a product of 1-5 in. below, which is 0-5 in. 
smaller than required. By reducing the feed size 
by this difference we obtain 5-5 in. Taking this 
rc'sult as the feed size, and folloAving down midway 
between the vertical lines below 5-4 and 5-6 to the 
first diagonal line representing the 72-in. rolls, 
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which is the size roll to be used, and running along 
the nearest horizontal line, the diagram shows a 
peripheral speed of 875 ft. per minute. Since the 
assumption is that soft stone is to be crushed, w(^ 
may increase this speed to 1000 ft. per minute or 
Ch] r.p.m. 

The 'size of the product is to be 2 in. But, since 
the largest product shown on the diagram is only 
1*5 in. let us use for convenience the I in. Follow- 
ing down the vertical below 1-in. product until it 
intersects the 1000 ft. per minute speed line, and 
then proceeding along tlu^ intersecting parabolic 
curve, the table indicates a tonnage of 210 per 
hour for a 30-in. face roll. The capacity, however, 
will be twice the figure, as the product is 2 in. 
instead of 1 in. As stated, the jnaterial will be 
fed perfectly continuously and evenly, hence we 
may take 50 per cent, of the ribbon volume, which 
gives us a capacity of 030 tons, or say a safe total 
of 000 tons per hour. 

The horse-power table calls for 240 h.p. for 
crushing 000 tons of soft rock in one hour at a 
reduction ratio of 4 : 1. Since the ratio in question 
is 2 : 1, 180 h.p. is all that is needed to drive the 
rolls. Under very favourable conditions 150 h.p. 
would probably do. 

The speeds at which crushing rolls are run are 
naturally determined by operating conditions and 
the nature of the material being dealt with. For 
reducing coarse materials the speed is less than 
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for line substances, especially if corrugated shells 
arc fitted. When capacity is an object and the 
material is soft and friable the speed of the rolls 
may be higher than those commonly used, but, 
as mentioned before, this should not in any ease 
exceed a roll surface speed of 1500 ft. per minute. 

If the substance is hard and is about ecpial in 
siz(? to the limit of the nip of the rolls, a reduction 
as high as 4 to 1 should not be aimed at. As an 
example, a pair of rolls .‘lb in. by lb in. fitted with 
(jorrugated shells will take lumps 3 in. thick, and 
will reduce these to J in. on a 4 to 1 reduction. 
But more economical results would be achieved 
by employing the rolls to turn out a 1-in. product,, 
thus effecting a 3 to 1 reduction. In fact with 
most materials it may be accepted as a general 
rule that the larger the lumps of raw material the 
lower should be the ratio of r(‘duction. On the 
other hand, if the lumps are well within the nipping 
capacity of the rolls, a higher I'atio of reduction 
will give satisfactory results. 

Just as no tabic or formula can constitute an 
exact guide to the capacity of roll crushers under 
any and every condition, so no strict rule can be 
laid down as to the horse-power required to operate 
them. Both these factors, capacity and power, 
are largely dependent upon the w'idely varying 
characteristics of the different substances dealt 
with. In addition other considerations arise, such 
as variations in the nature or size of the material 
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itself, the question of intermittent or regular feed, 
the degree of fineness to which the material is to 
be crushed, the ratio of raw to finish product, the 
condition of the material, whether it be moist or 
dry, and the state of the roll surfaces. 


T:\BLK of DIS'I’ANCK bftwfkx roi.ls. 

(Traylor Kngineering and Manufacturing Company.) 

Space in fraction.^ and decimals of an inch, decimals of a 
foot, nearest millimetre and nearest screen cloth to corre- 
s]K)nd to the space between the rolls in incluss, also diameter 
of wire in cloth. 
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The ideal crushing roll is strong, simple and com- 
pact, with all working parts readily acce.ssible. The 
bearing should be very large and provided with suffi- 
cient lubricating devices to ensure cool running when 
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crushing the hardest materials. Adjustments must 
be provided for changing the size of the product and 
also for maintaining the lateral alignment of the 
roll shells. All parts subject to wear must be 
made of exceedingly hard metal and so designed 
that they may be easily removed and renewed at 
comparatively small cost. The machine should be 
encased in a dust-proof housing provided with 
inspection doors. Springs of sufficient strength 
should be furni.shed to crush the hardest material 
and should permit of the movable roll receding 
when unbreakable substances accidentally fall 
into the machine. It should be possible to adjust 
the roll for the size of the product required without 
releasing the springs. 
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DISINTKGRATING MILLS 

The bar disintegrator consists of two revolving 
cages formed of round steel bars, reinforced with 
iron rings andsecurely fastened to heavy cast-iron 
discs. The bars of one set of cages project between 
the bars of the o])posite cages, so that the dis- 
integrator grinds by impact and not between 
surfaces, there being no grinding or crushing action. 
The materials to be reduced are introduced into 
the inner cage, and l)y the centrifugal force created 
by the revolving cages are projected through the 
cages and against each other. This process 
lesolves itself into a system of attrition and free 
blows. 

Bar disintegrators are used for four purposes, 
namely, fine reduction, coarse reduction, mixing, 
and a combination of reducing and mixing. They 
are used successfully for such friable substances as 
coal, iron oxide, fertilisers, and will deal with 
materials containing a large percentage of moisture. 
They may also be employed for reducing large 
pieces of material from 12-in. cube down to a 
granular product, for, if necessary, further reduc- 
tion in a fine grinding mill. 

For fine disintegration a four- or five-cage 
machine is generally used, in which two sets of 
cages revolve at high speed in one direction, 
while the .intermediate cages turn in the opposite 
direction. 
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For coarse disintegration a slower-running 
machine with bars spaced at wider intervals is 
used. These machines usually have three or four 
cages of bars, according to the material to be 
dealt with and the degree of fineness desired. The 
output is, of course, considerably greater than 
that of the fine reducing disintegrators. 

For c(*rtain materials a three-ring disintegrator, 
fitted with one stationary and two revolving 
cages of bars, is an inexpensive and very (‘ffective 
juachine for n'diiction prior to further treatment 
in a fine grinding mill. 

For mixing, a three- or four-ring machine similar 
to the coarse grinder is the general practice, while 
both mixing and disintegrating can be carried out 
in either a high or a medium speed disintegrator, 
the materials in question determining the more 
suitable of the two types. 

The bed plate on one type of disintegrator is a 
solid cast-iron frame heavily ribbed and reinforced, 
with openings in the centre to allow the discharge 
of the material when ground. The cast-iron hous- 
ings which support the cages, in which are located 
the journal bearings, rest on the base plate, and 
are planed on the bottom so that they can slide 
backwards and forwards, the object being that 
the cages can thus be separated and the mill 
examined without taking it entirely to pieces. 

The cages run quite independently of one another, 
each being supported by a separate shaft and run 
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froiii opposite sides. On the outer end of each 
shaft is a flywheel which is about the same Weight 
as th(' revolving cage on the other end of the same 
shaft. These two w(‘ights balance one anotluT so 
that the weight on the journal b(‘arings is uniform, 
preventing their wearing out of truth. 

The flywheels impart a steady speed to the 
niachine which is not checked by irregular feeding 



of the materials into the cages, the momentum 
stoHid up in the wheels overcoming the recedence 
of the regular speed and thus maintaining uniform 
reduction. 

The top of this machine is of boiler plate con- 
struction bolted on to the cast-iron box, removal 
for inspection of the cages and working parts 
being easy. The cast-iron plates which form the 
lower part of the hopper surrounding the cages 
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are removable, and are replaceable when worn 
out. 

Disintegrators of this type are constructed in 
various designs according to the material to be 
dealt with. 

Some of the modern disintegrators arc tlirect- 
motor driven, the cages bc'ing mounted direcdly 
on the motor shafts. The motors are attached to 
sliding bases, equipped with rack and pinion, 
and are connected to the side plates of the working 
chamber. In this machine, by loosening four 
clamps, the motors, side plates and cages can be 
slid out of position for cleaning. The end and 
top phit(‘s of the chamber are held in ))lac(' by wing 
nuts so that the entire chamber is acces.sible. 

These machines have provt*d useful in n'ducing 
pigments, linoleum colours and similar materials, 
where the machine must be cleaned to change from 
one colour to another. 

For operating at high speeds, up to 2000 r.p.m., 
the direct- motor di.sintegrators are equipped with 
dust-tight ball bearings, and are used for such 
substances as lithophone, linsetid oil cake, linoleum 
colours, printers’ ink and white lead. 

In the Christy and Norris disintegrator, which 
is of the beater type, the design is simple, the body 
being of cast iron with renewable linings, while 
self -lubricating phosphor-bronze bearings are used 
to secure cool running at the high speeds necessary. 
There is only one revolving part, and this needs 
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no adjustment, as the fineness of the product is 
determined by tiio use of the screens or grids of 
different meshes, fitted into the lower half of the 
machine, and changeable within a few minutes. 

The beaters which do the grinding are straight 
and int(‘rchangeable, being made of steel-faced 
iron or of toughened steel according to need, the 
latter being rev(‘rsible in the newer types. They 
art‘ carrietl in a disc of stetd alloy or cast iron 
according to size. The handholes in the sides of 
the larger machines allow these b(‘aters to be 
changed without of)ening up the whole of the 
machine. 

• The screens ar<5 of two main kinds, juunely, 
“ cast-iron screens ” having steel bars in a cast- 
iron frame suitable for fine or coarse reduction 
of average severity, and “ steel screens ’’ of 
coarser mesln^s for heavier work such as on horns 
or bones. The cast iron framed screens are some- 
times adapted for using perforated .steel plate for 
disintegrating corn and such materials where husk 
or fibre has to be cut up. 

In these disintegrators, tlui work is done by the 
four beaters, which revolve at a high speed inside 
the machine and pulverize any material fed into 
it. The powder thus reduced pa.s.ses out through 
the screens at the bottom rapidly. This method 
is suitable for producing fine and soft meals from 
corn, feeding stuffs, drugs and chemicals. It is 
also used for such varied materials as leather, 
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horns, bones, paper, straw and limestone, provided 
suitable screens arc used. Some judgment is 
necessary in selecting the best size of machine 
and the most suitable mesh of screens for any 
particular product, and the makers’ advice should 
be obtained in cases of uncertainty. 

No definite figures can be given for the cost of 
operation, as this depends largely upon the nature 
of the materia] and the fineness required, and is 
also influen(!ed by autoTuatic feeding and. removal. 
In round figiir(*s the medium-size machine taking 
20 h.p. will grind about 5 cwt. of tough material 
such as horns or bones to a fine powder, about 
30 cwt. of average friable material such as burnt 
limestone or soap powder, and up to 3 or 4 tons 
])er hour of soft crystals such as sulphate of 
copper. 

An effective unit for shredding fibrous materials 
such as asbestos, barks, rubber, herbs, leather and 
paper is one where five horizontal knives are 
fastened to a cylinder revolving in a circular case 
to which six stationary knives are secured, and 
set at an angle to ensure a shearing cut. The 
cut material passes over a perforated plate forming 
the bottom of the circular case ; the fine particles 
pass through, while those too large are carried 
round until sufficiently reduced. 

In the swing hammer mill, with its variations, 
the material is broken by the impact of swinging 
hammers on the particles as they are fed into the 
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throat of the machine, the hammers not being 
rigid, but free to swing about a pin in a central 
shaft. In operation these hammers are swung 
out by centrifugal force and boat the material, 
not against a fixed surface as in a disc, but as they 
are in a state of suspension in mid-air. Fig. 14 



Fic. 14 . — Williams Swinc Hammkh Mill. 
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illustrates a modern swing hammer mill of the 
Williams type, w^hich consists es.sentially of hinged 
hammers, disc plates which hold the hammers, 
breaker plates where most of the crushing and 
grinding is done, and a cage for regulating the fine- 
ness of the material discharged ; all these features 
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being encased in a housing and mounted in 
journals. 

Reduction in this mill is elfected by a com- 
bination of abrasion and percussion. Keyed to 
the shaft is a series of discs \vhi(!h carry through 
their outer diameter bolts on which are hinged sets 
of hammers, (‘a(!h having an arc of free movement 
approximately one-third of a circle. As the 
machine is started and reaches its normal speed, 
the hamin(*rs, on account of the centrifugal force 
set up by rotation, tak(^ up a position divergent 
from the centre of the machine, wIhmi the machine 
is ready for the material. 

Some idea of the elfect of this continual l)eating 
adtninistered by the hammers may be grasped 
when it is remembered that there' are four* to six 
sets of hammers to (^ach machine - there may bo 
from four to thirty hanirners in each of the rows 
according to the size of the machine. For instance, 
in a mac’hine with thirty hammers in each of the 
four rows, when running at 1000 r.p.m., each set 
of hammers .strikes 80,000 blo^^’s, or a total of 
120,000 blows per minute. The hinged suspension 
of the hammers imparts a flexibility quite different 
from any other type of crusher or grinder. 

In these machines all the parts can be regulated 
so as to preserve the breaking efficiency of the 
crusher after wear. The hammers are adjustable 
to the breaker plate and cage by a series of holes 
in the disc plates, thus maintaining the diameter 
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of the grinding cylinder to ensure a uniform 
product. The breaker plate may also be adjusted 
to the hammers so that the point of contact between 
the ends of the hammers and the plate may not 
vary. Where the sectional cage is used the 
general practice is to adjust the cag(^ to the 
hammers oue-rjuarter of an inch at a time to 
maintain the diameter or circumference. 

Alternating discs are fitted to the machines 
which alternate or stagger the hammers so that 
the entire chaipber is covered by the hammers 
and no gaps arc* left for material to escape the 
reducing eflec't. Thus, if there are 20 hammers 
in* the first row, there would be 10 hammers in 
the second row, and so on, the hammers in the 
second row following in the path between those 
in the first row and in that space which is occupied 
by the preceding discs. 

The disc plates are (*([uipped with lioles, five to 
nine in number, to permit the adjusting of the 
hammers, and thus enabling wear from 1|- in. to 
4 in. at the hammer j)oint.s to be taken up. When 
the hammers are worn | in. or 1 in. the set is 
removed, the hammers are cut off square and to 
equal length, and then reinserted in the machine 
by advancing tlu' hammer bolt two or three 
holes. 

The machine first passes over the breaker or 
grinding plate which adjoins flu* grinding cage, 
and it is here that about 75 per cent, of the reduc- 
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tion is done. This plate can be adjusted inwards 
towards the hammers while the machine is in 
operation by screws on the outside of the machine. 
These plates have a throw of from 1 in. to in., 
depending on the size of the machine, so that the 
operator is able to keep the plate in close to the 
hammers to ensure a uniform product. 

The cage bars are replaced by inserting new 
bars or sections into a recess in the side of the 
housing. The.se recesses are on each of the side 
frames of the housing and are cored to the same 
circle as the oiitskh? diameter of the hammers. 
The cage se(;tions are composed of about three to 
four bars, riveted together with spacing ^^'asher8 
between, and the operator can, if he so desires, 
take out these cage bars, secure a set of spacing 
washers either larger or smaller than those in the 
machine originally, clip off the rivets, take these 
aj)art, put in new spacing blocks or washers, and 
thus have a larger- or smaller-opening cage with 
the .same bars. 

In r(;placing any of the cages in these machines, 
M'hether of sectional design, perforated metal or 
diminished bars, the operator raises the cover, 
which is hinged on the smaller machines, and 
pulls out the section to renew the bars. When 
the change has been made, the cage sections are 
slipped back into their grooves, the cover is 
lowered and secured by two bolts. The cover 
divides behind the hopper so that, if the chute 
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rests on the hopper, it is not disturbed when the 
cover is raised or lowered. 

The cage is adjusted towards the hammers by 
means of a hand wheel on the outside of the 
crusher. When the machine is in operation the 
cage is locked in position. If a piece of tramp 
iron or other iincrushable . material gets into the 
machine, the operator releases a pawl from the 
ratchet wheel, turns a hand wheel, and the cage 
drops by its own weight. After the crusher is 
relieved of the iron the hand wheel is turned in the 
opposite direction and the cage raised slowly to 
its working position^ where it is locked. 

• The object of the dumping cage is to n'lieve the 
machine when it becomes choked. Occasionally 
a fuse will blow out, a l)elt will break or jumj> 
off the pulley, or the power fails, stopping the 
crusher. In large operations where there is no 
automatic feeder on the machine the* raachiiu^ wull 
fill up with material while stopped, and if it were 
not for the dumping arrangement the cover would 
have to be removed and the material dug out. 

It is naturally important that the (*ntire housing 
of a grinding mill of this type be jirotected by 
liner plates. This is effected either by a steel 
])late lining from J in. in thickness up to a chilled 
iron lining of 1| in. thickness, depe?iding oil the 
size of the machine and the purpose for which it 
is used. A machine grinding soft material can be 
lined with J-in., ^?-in., or |-in. steel plate; one 
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dealing with hard material ^^ith a considerable 
amonnt of impurity is lined with l|-in. to 2J-in. 
chilled iron. These liners are held in position 
by tapered k(^ys on the outside of the mill housing. 

The housing is made in eight separate sections, 
so that should an accident befall one section the 
crusher can be made as good as new at small 
cost. Each of these sections can be replaced 
without taking tlu* machine off its foundation or 
throwing it out of line. 

These machines are, of course, built to almost 
any size' and are adapte'd for dealing with any 
material from the hardesst rock to garbage. For 
instance, one mammoth swing hammer enill 
delivers a .Thton blow with each hammer, there 
being three sc'ts of nine hammers, or 27 in all ; 
run at a sp(*('d of fiorn ffOO to 70(1 r.p.m., some- 
thing like 1S,0(X) 23-ton blows are delivere'd per 
minute. The hammers are usually of manganese 
steel, and, when a uniform product with the 
minimum of fines is desired, are arranged to 
alternate, long and short. One of these machines 
is dealing now with 700 tons of stone per day at 
a cost of about Wd. per ton. 

A feature of these machines which allows a 
wide range of utility is the hammer. This can be 
varied according to the material being dealt with, 
and there is a hammer to deal with almost every 
known substance. The ordinary straight hammers 
arc the most widely used of all, and they are 
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recommended for granular work because they 
administer a good square blow and minimise the 
fines. The twist hammer i.s another favourite. 
Where a 3-in. by I -in. hammer is used in round 
discs there is a space of I in., or the thickness of 
the discs, between c^ach hammer. In order to 
cover what would otherwise be wasted space the 
hammers are twisted J in. on the end. One row 
of hammers is twisted towards the right and a 
second row towards the left, so that when the 
machine is running the material is sent zig-zagging 
across the cage, the result being a liner product 
and a somewhat gn^ater capacity. Such a hammer 
^s specially adapted for medium fine grinding. 

For the disintegration of sinewy, fibrous sub- 
stances a chisel -pointed hammer is used which 
delivers a shearing, shredding blow on such 
materials as alfalfa and other herbage, woods, 
roots, rags and the like. There are perhaps more 
than fifty different hammers designed, and to 
describe each here would be out of place. 

The degree of reduction attained in these 
mills is determined to a very large extent by the 
intensity of the blow administered by the hammers, 
and so different degrees of fineness may be attained 
by varying the speed of the machine without 
much regard to the other parts. Different materials 
and different conditions of the same material as 
regards temperature, moisture, etc., will show a 
corresponding difference in the degree of reduction 
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so that it is impossible to foretell with accuracy 
the results from any particular material. The best 
course is for the engineer or chemist to submit a 
sami)le of about 50 lb. to the several manufacturers 
and obtain their quotations as regards type of 
machine, capacity and other particulars. 

Similarly, the amount of wear cannot be pre- 
dicted on account of tin* varying natures of the 
materials dealt with. Silicates, whether hard or 
soft, have an appreciable influence on the hammers 
and bars of those mills, and, as a very general 
guide, it may be said that substances containing 
not mor(‘ than 5 per cent, silica are permissible 
for reduction in these mills; from 10 to 15 pe/; 
cent, is doubtful ; 20 to 25 per cent, is dangerous ; 
and over 80 per cent, is prohibitive. 

The size and pi<‘ces w'hich may be fed to the 
swing hammer mill depend upon the hardness of 
the material and the size of the machine. For 
the smaller machines when dealing with hard 
stone a feed not exceeding 8-in. cubes is ideal; 
and capacities arc usually estimated on this basis. 
Softer substances of the nature of bituminous 
coal may be twice as large, while barks and fibrous 
materials may be as large as the feed will accom- 
modate. The supply may be fed by hand or 
charged directly into the machine from a conveyor 
or elevator. When taken directly from a bin 
s:)me sort of automatic feeding device is necessary ► 

In another type of mill the work is done by 
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either two or four alloy steel swing hammers 
placed at equal distances from each other, and 
connected at their ends with two parallel discs 
which act as flywheels and turn at 3fl() to I GOO 
r.p.m. 

There are, of course, numerous other nhac^liines 
on the market which crush on the swing hammer 
principle, but they differ very little from those 
already described. 

One of the most popular jnethods of driving 
swing hammer mills is by direct motor drive 
through a flexible coupling. Another method is 
liy belt drive from a motor, when any speed 
desired can be had by means of suitable pulleys 
on the motor and the mill. The motor should be 
on the same level as the mill and the belt drive 
horizontal, the lower strand of the belt being the 
pulling side. Where steam power is used the 
countershaft belt drive is nearly always found. 
The countershaft should be placed between the 
mainshaft and the mill, and should be from 
18 ft. to 20 ft. from the machine, directly behind 
it and as near the same level as possible so as to 
give a horizontal drive. 

It must be realised that these mills belong to 
the high-speed order, and as such should be set 
on a good substantial foundation ; the small mills 
may be mounted upon heavy floors, but the large 
ones should be set on a brick or concrete foundation. 
In setting these large mills a timber frame of 
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ample proportions should be anchored to the 
foundation and the machine bolted to this frame. 
The idea of the timber frame is, of course, to 
impart a certain amount of elasticity and to act 
as a cushion. 

In the centi'e of this foundation, and the full 
width of the inside of the machine, there should 
be a large chute passing down to a conveyor for 
delivering material to an elevator. This chute 
should be at an angle of not less than 45 deg.; 
60 deg. is better, thus allowing the material to 
pass freely from the mill and down into the 
elevator. 

If an elevator is installed it juust be of sufficient 
capacity to handle at least 30 per cent, to 50 per 
C(‘nt, niore product than the output of the machine, 
because there is often a ccTtain percentage of 
oversize that is screened out and returned to the 
mill for further operation. The elevator must be 
of sufficient height to discharge into a screen of 
ample proportions. This screen should be set 
well above the mill, say, two floors above, so 
that there will be plenty of gi’avity fall for the 
return of the oversize for treatment. 

Where a screw or spiral worm conveyor is used 
for removing the finished product from the mill, 
it should be not le.ss than 4 ft. or 5 ft. below the 
base of the machine, and the hopper angle from 
the width of the mill inside down to the width 
of the conveyor box must be very steep. The 
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conveyor should be of ample capacity to remove 
all ground material, as this must never be allowed 
to bank up under the mill or it will prevent the 
free exit of the product through the grate. If the 
mill is of large capacity a screw conveyor is not 
recommended, as it is too slow in operation. 

If a belt conveyor is used, as it often is where 
the mill capacitj^ is large, it should be about equal 
in width to the inside of the grinding mill, placed 
and run from front to back of the machine. The 
product should never be taken away sideways or 
parallel with the shaft. In erecting the belt 
conveyor, place it at least 5 ft. below the base 
of the machine, and see that it has a capacity 
of 30 per cent, to 50 per cent, greater than that 
of the mill. 


'i''' 






CHAPTER VI 


CENTRIFUGAL ROLL MILLS 

In the centrifugal roll or pendulum mills, as 
they are variously called, the work is effected by 
one or a number of suspended rollers running 
around the inner surface of a ring die, the rollers 
themselves rotating about their own centres. In 
this j)rineipl(; the pressure between the rollers 
and the ring effects the grinding action, and is 
derived from centrifugal force. The material to 
be reduced is fed into the annular space, moved 
into a position between the rotating rollers and 
the ring die and is there ground. 

The two main types of this system of cnishii^g 
are the vertically carried systems shown in such 
mills as the Huntington and the Griffin. 

In the Huntington Mill (see Fig. 15) the ring 
die is usually made of a hard steel of a diameter 
to suit the duty required, varying from 3 ft. to 
6 ft. This die is carried in a heavy circular pan 
casting held in position by metal and hardwood 
wedges. The bottom of the pan is also fitted with 
a renewal false bottom usually of hard white iron. 
In the centre of the pan is provided a })rotected 
boss and journal for carrying the centre shaft. 
Upon the pan casting is bolted in section a cast- 
iron housing of suitable size and shape, provided 
with orifices in the lower periphery carrying 
renewable screen plates. The housing is also 
equipped with a launder to enable the w et ground 
98 
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slurry to be concentrated at one delivery point. 
A feed opening or chute is also fitted in the top 
of the housing to guide the material to be ground 
into the grinding chamber. 

The rollers in this mill are four in number, and 



are carried by means of spindles in rocking sleeves 
so as to move freely radially. These rocking 
sleeves are provided with horizontal spindles and 
hang easily in bearings in the spindle and scraper 
carrier. The scraper carrier is shaped in the 
form of a toothless wheel with specially arranged 
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arms to provide the necessary brackets for tlie 
rocking sleeves and also for the stirrers and 
scrapers, and is keyed to the centre shaft, rotating 
with it. To the centre shaft is bolted a bevel 
wheel actuated by a pinion and fast and loose 
pulleys, giving the lU'cessary purchase for effective 
action. The shaft is carried in two bearings, /.e., 
the footstep and th(‘ pan casting bearing, Avhich 
latter is of such length and design as to prevent 
lateral movement and to prote(!t it from wear 
due to ‘‘ splash.” 

It will be noted that when at rest the grinding 
rollers lean slightly inwards so that the centri- 
fugal action during motion is augmented by 
gravity in promoting the grinding efficiency. The 
whole mill is usually carried upon a timber struc- 
tur(‘, which by its resiliency obviates metal fatigue 
due to constant vibration during action. 

The Huntington mill is essentially for wet 
grinding, although it is used by a slight alteration 
for dry grinding. The material is fed into the 
delivery chute of the upper housing, drops into 
the bottom of the pan casting, where it is acted 
upon by the scrapers which keep it in motion, 
throwing it against the ring die and under the 
crushing rollers. 

The action of the rollers and scrapers sets up a 
wave or splash constantly beating against the 
screens, enabling the fine slurry to pass through 
and down the launder to the delivery end, the 
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coarse material falling back for further reduc- 
tion. 

The application of the Huntington mill is limited 
to the reduction of moderately soft material not 
greater than about | in., from which a granular 
product is obtained. It has found its field 
in crushing and amalgamating gold ore, also for 
crushing ores direct for fine concentration, and 
for crushing the tailings from jigs in coarse con- 
centrating mills for subsequent treatment on Frue 
Van Tiers or other slime concenti‘ating machinery. 
For the latter purpose the machines receive the 
coarse tailings from the jigs, which average about 
I in., and crush these down to 20 mesh or finer, 
the capacity being about 75 tons per day. The 
power required by the fi-ft. mill is 12 h.p. 

lii operating the mill it is advisable to shut 
down every 12 hours to oil the vertical shaft, 
and to put a drop or two of oil on each of the 
stems of the rolls, care being taken that none 
of this oil gets into the mill. When these stop- 
pages are made the mill should be examined to 
see that the rolls have not dropped down, and 
that they have not for any reason become stuck 
so that they cannot be turned round by hand at 
the bottom, and also that the scrapers have not 
dropped, worn off, or are not too high. 

The Griffin Mill shown in Fig. 16 is similar in 
design to the Huntington mill except that the 
work is accomplished by a single roller running 
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Fkj. 16. — Giant Gkii itn Mill. 
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within and against the inner surface of a ring 
die, being held in contact with it by centrifugal 
force. The Huntington mill is, of course, a wet 
grinder, while the Griffin mill operates dry. The 
roll on this machine is suspended by a shaft from 
a universal joint fitted inside a pulley revolved 
horizontally. At rest the roll hangs central, but 
when the machine is started up it swings out 
gradually until it is in contact with the ring die. 
Another distinction between this mill and the 
Huntington is jihat in the former the roll is under- 
hung ” instead of being “ overhung,’’ as in the 
latter. 

• The Griffin mill, as originally made, was equipped 
with a heavy iron frame, and many engineers still 
prefer this type of construction. It is now also 
made with what is known as a wooden or coin- 
]i 08 ite frame, equipped with wooden standards 
which rest on rubber blocks, thus increasing the 
elasticity of the framework, and (mshioning the 
severe vibratory strains whkdi are necessarily set 
up in machines performing this class of work. 
The mechanism of the universal joint has also 
been improved, so that larger bearing surfaces 
for the working parts are provided, aiding in the 
better distribution of the strains set uj). 

This mill runs at a pulley speed of 200 r.p.m., 
when the crushing effect of the roll against the 
die is about 0000 lb., consuming from 20 to 
28 h.p. The internal diameter of the die is 30 in 
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and the roJl is 18 in. in diameter and 6 in. deep, 
the depth of the ring die being the same. The 
roller weighs about 600 lb. and the die about 
300 lb. 

Of recent years an improved mill has been 
evolved, known as the Giant Griffin, which is the 
machine illustrated. The design of this machine 
is substantially the same as that of the mill just 
described, with one or two alterations. For 
instance, the pulley body is now constructed so 
that all the wearing parts run in a bath of oil ; 
the pulley rim is on the lower half of the pulley 
body, with the object of eliminating shearing stress 
in the bolts; the lower journal bearing. is separate* 
from the pulley body so as to decrease the cost 
of the wearing parts; and an increased screening 
area allows greater freedom of discharge. In this 
machine the diameter of the ring die is 40 in. 
and the roll is increased to 24 in. in diameter. 
The speed of the pulley is slightly lower than in 
the original Griffin mill, being 170 r.p.m. The 
crushing effect of the roll against the die is more 
than doubled, i. e., 15,000 lb. 

A similar machine is the Bradley mill, which 
is equipped with three rolls so arranged that they 
have a continuous tendency to rise when running, 
thus largely relieving the step bearing of the 
weight of the driving mechanism. In this mill 
the material to be dealt with is fed continuously 
on to the grinding ring immediately in front of 
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the three advancing rolls. The diameter of the 
ring die is 42 in. and that of the rolls 10 in. The 
pulley revolves at 150 r.p.m., requiring from 35 
to 40 h.p. 

These three mills crush dry and the moisture 
in the fe^d should in no circumstances exceed 
2 per cent. Owing to this fact other means than 
watcT have to be employed for discharging the 
crushed material. Scrapers are attached to the 
underside of the roll which serve to maintain the 
pan clear and to carry the material up into 
the crushing area. Above the roll are fixed to the 
shaft a pair of blades which create a current of 
^air to blow the material against the screen sur- 
rounding the mill body. The material passing 
the screen falls into a boot underm‘ath the pan, 
from whence it is removed usually by a screw 
worm conveyor. 

The ordinary Griffin mill is suitable for crushing 
all classes of hard and refractory materials, pro- 
vided they are not of a sticky or fibrous nature, 
to almost any fineness within tlu; range of all 
passing a 6 or 8 mesh down to a small quantity 
on a 240 mesh. 

The Giant Griffin mill performs the same class 
of work, but with slightly better finenesses, and 
produces from two-and-a-quarter to two-and- 
three-quarters the output, with a proportionate 
increase in power consumption. The wear and 
tear is slightly less than that of the Griffin mill. 

4* 
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The feed for the Giant Griffin should all pass a 
J in. ring. When grinding liinestone, eoal, ecnuMit, 
clinker and other refractory n'.aterials this mill 
will reduce from 1 in. to tlu' necessary lineness 
in a singk^ operation, tliti timmess l)(‘ing, of course, 
regelated by the serctMi used. Tt finrls its liekl 
in dealing with such rnatcTials as coal, limestone, 
felspar, chrome, on*, .slate, foundry facings and 
cok('. 

Thi* Bradley three-roll mill will (h'al with 
similar substances provided that th(‘y are not too 
hard or of a cutting natun*. This mill ill give a 
linished product of anything betwe(‘n 11k‘ ranges 
of all ])a8sing a (i mesh down to 9o per cent, 
passing a 100 mesh sieve*. The* oiit]>u't is abe)Ut 
one-and-thre*e-ejuarle*rs that e)f the* .‘lO-in. Oriffin 
mill, with a prope)rtie)nately incre*ase‘el powe*!’ con- 
sum ptie>n. The J3raelle\y n\ill is a(la])t('el for 
grinding such materials as lim(*stone, e*oal and 
ph()Sf)hate rewk. 

On the*se th?’e*e mills the co.st of we*ar anel te‘ar 
runs from Id. to 9d. j)e*r ton of mate*rial ground. 
No close'r figure than this can be give'ii, since the 
ee)st i7Hist naturally vary with the* class e>f sub- 
stance* dealt with and the* de*gree e)f finene*ss ejf 
the hnisheel proeluct, which may be* adjusted by 
changing the mesh of the screen surrounding the 
pen of the mills. It is not e*asy to make com- 
parisons between the three mills unless operating 
conditions are identical, but the figures shown 
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ill TaMc I are instructive and sliow results from 
each of the three mills when dealing with agricul- 
tural limestone. 


TABI.K 1. 


j Imjirnvod j 
I 40 in, (Jiant | 
(Iridin | 
I .Mill. I 


Brail l(‘V 
.-MJoli 
Mill. 
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no in. 
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(2) .• j j 


All passiniT lO mosh per linear ini4i sieve. 


& [lassin^ 1(K) mesh I I I 

per lineal' inch j j i 

sieve. ! ! oo‘'o i 

Oiiljjiit per hoar : i (i-J-H tons ; 4^ 01 tons 

IJur.ii-poarr applied I 

to Mill Pulley. i tiri 7r) h.h.p.; 4”) oO h.h.]). 
Size of feed should not j i 

exceed all passing, j 1" riny ! rinu; 


21 ni tons 
20 2S b.h.p. 


'■}" ring 


The 30-in. Griffin mill and Rradley 3-roll mill 
are in favour for th(‘ reduction of phosphate rock. 
Eor dealing with basic slag, the 30-in. and 40-in. 
Griffin mills just about share the honours, though 
it must be remembt^red that the 40-in, mill is a 
later introduction and was probably made avail- 
able when installations of the smaller unit had 
already been carried out, and tluj change was not 
worth while. Gn agricultural liniestone plants 
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GftOUND ftOCK CRUSHED OFF OF ROTH SIDES OF RlNO. 

THICK LAYER OF CENTRIFUCALLY HELD UNGROUHD ROCK 

RIGID REVOLVING RING DRIVES ALL THREE RO. LS ONI " 

LAYER OF CENTRIFUCALLY HELD MATERIAL 

SPRING PRESSED ROLLS DRIVEN BY CENTRIFUGALl Y HELD MA TERIAL 
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the Bradley and the 30-in. mills are used about 
equally. 

A useful machine for reducing the hardest 
materials down to 8 mesh and finer is shown in 
Fig. 17. This is the Hturtevant ring-roll mill, and 
is employed for dealing with siuih materials as 
cement clinker, phosphate rock, granit(‘, quartz, 
trap, ores of various kinds, slag, lime, limestone 
and cast iron chips. The pririciple of this machine 
is simple — a heavy st(H‘l anvil ring is secured in a 
head supported and revolved by the horizontal 
shaft, while against the inner face of this ring 
hammer rolls arc elastically pressed and are 
* revolved automatically with the ring. The 
material to be ground, usually about Ij in. size, 
is fed to the inner face of the rotating ring and 
held there by centrifugal force, being crushed as 
it is drawn between the convex roll faces and the 
concave ring surface. The roll force is adjusted 
by a screw on the outside of the door, whereby 
the pressure can be varied betw(‘en 20,000 and 
40,000 lb. 

In operation the concave surface of the ring is 
alw^iys covered with a layer of the material being 
dealt with so that an uncovered track is not 
exposed to the roll faces. The material is fed 
(constantly and as it is reduced falls away on 
both sides of the ring, escaping from the bottom 
of the casing. The mill is usually operated in a 
closed circuit so that the oversize material after 
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screening is returned to tin* mill with the fresh 
feed. 

None of the crushing stresses are taken by the 
head shaft, which merely sej*\Ts to support and 
revolve tin* head. 'Dn* rolls are elastic and , 
balanced and will run over tramp iron*or other 
uncrushable inaterial without shaft breakage. 
The wear on the ring and the rolls is very small, 
and a ring will usually last more than two years 
even on the hard(\st materials, such as cement 
clinker. • 

A feature of this crushing mill is its accessi- 
bility. By removing four bolts the whole front 
of the casing opens like a door, (jarrying. the rolls • 
and their parts outskh^ the mill and (‘.vposing the 
interior. When the door is closed the rolls are 
swung ba(;k into their phnte insid(‘ the ring and 
pressed back into position against the ring by 
ojierating a screw'. When the mill is empty the 
rolls may be held away from the ring so that no 
wear takes place. 

These mills are made in three sizes, the smallest 
having an output of ^ to 4 tons per hour with 
8 to 12 h.p., and the largest an output of from 
2 to 15 tons consuming 25 to 45 h.p. 

A similar machine is the Maxecon mill in which 
the operating principle is a free vertical concave 
ring, yieldingly supported on three rolls pressing 
against its inner face and having a free movement 
relative to each other. The object of the lateral 
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freedom of the ring is to allow it to adapt its 
position relatively to the material being ground, 
with the view of attaining the line of least resistance 
to crushing of the material. 

In this mill the ring revolves and tin* three rolls 
press against its inner face, the four wearing jjarts 
being the three convex rolls and the concav(‘ ring. 
The rolls aic^ supported yieldingly by springs and 
the ring is su])ported ))y the rolls, so that the four 
crush iTig |)arts are free to move to pass iron or 
other uncrusUable material. 

For this machine no specdal foundation is re- 
quired ; two J2 in. by 12 in. timbers placc'd on 
* any suital)le door an* sufficient, with the mill 
fastened down by four in. by b in. lag screws. 
Practically the whole of the vibration is absorbed 
in the mill and is jiot transmitted to the founda- 
tion. The sj)eed is 200 r.p.m. and the feed should 
not ex(^eed 2 in. ; 1 in. is better. 

Though it cannot actually be classilied as a 
centrifugal roll mill, the Chilian mill is similar in 
operation, in that the material is crushed between 
a cylindrical roller and an annular die. The raw 
material is fed, together with water, at the j)eri- 
phery of the mill and is not only cruvsh(‘d by the 
weight of the rollers, but is also subjected to a 
shearing action due to the fact that the rollers 
are forced out of the normal straight line of travel 
and made to move in a circular path. 

. The general appearance of the Evans-Waddell 
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mill is not greatly different from that of others 
of the same type. The machine operates on the 
well-known plan of the old-time Chilian mill, one 
of th(^ earliest devices known for the grinding 
of ore. 

The chief distinguishing feature of this machine 
is the method of mounting and driving tlie crush- 
ing rollers. These rollers, three in numhcr, are 
made with a long huh and arc mounted on the 
arms of a central spider made of a steel casting, 
the centre of which is shaped to receive a cast- 
iron liall, on which hall the spider is a working fit. 
Tlie hall itself, being a sliding fit on the v(*rtical 
shaft, allows the rollers to rise and fall as the * 
thickness of the bed of ore on the die, or the wear 
of the die and rings, may require. The a.xes of 
the rollers are thus kept in the same plane and 
approximately horizontal, and by this means 
keep the wearing fac(*s of the rings and dies in 
proper condition. The rolk'rs havci large bronze- 
lined bearings on the centre spider, the arms of 
which extend through and support the rollers out 
beyond the point where the* work is being done. 
These bearings in the case of a O-ft mill are 7 in. 
in diameter and 28 in. in length. 

The spider carrying the grinding rollers is 
rotated by means of a driver mounted on feather 
keys on the vertical shaft above the spider and 
connected to it by means of three heavy flat con- 
necting links arranged 120° apart. These links 
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arc a loose lit on the pins to which they connect, 
so as to admit of the rollers running freely over 
any unevenness in the bed of material being 
ground, and at the same time allowing consider- 
able latitude in th(‘ vertical adjustment of the 
driver upon its shaft. 

The driv(‘r, which also forms an ajinular pan for 
receiving and distributing the fee;d, is adjusted 
downwards upon th(' shaft as the dies wear out. 
No fine adjustment, however, is required, as all 
that is ne(^essary is to have the cannecting links 
drawn somewhere near in a horizontal line. The 
mortar, or j)an, of the machine is heavy and is 
lined throughout its inside surfaces with hard 
iron wearing plates. The seat on which the die 
ring rests is also very heavy. The upper bearing 
for tin; c(;ntre shaft which is carried by the mortar 
is of ample proportions and is fitted with a rc- 
movabk; bronze bushing. This bearing in the 
case of a O-ft. mill is 7 in. in diameter and ft. 
long. 

The screen openings, of which there are six, of 
largo proportions, are so amxnged as to admit of 
a free discharge of the material being ground. 
The screens are held in (;a.st-iron frames arranged 
to bring the inside surfaces even with the inside 
surface of the mortar liners. The bottom edge 
of the screen surface is placed low enough with 
relation to the face of the die ring to ensure free 
screening during the full life of the die ring. 
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Above the screc'ii find carried by the mortar is a 
sheet steel housing extending upward sufficiently 
high to retain the splash of the material being 
ground. 

Th(^ outside of tlie mortar is shaped to form a 
circular spout or launder. Attacherl to this 
launder is a sheet of steel guard to retain the 
splash of the scween discharge. This guard is so 
pla(!('d as to admit of r(‘ady inspection or rcanoval 
of the screens. The bridgetree is readily luanov- 
able, as is also 4he bronze bushing with which the 
st(‘p bearing is fitted. The driving pinion is of 
steel, mounted on a shaft fitted with tight and 
ldos(* pulhys or with fi’iction clutch, as d(*sired. 
Th(‘ driving shaft is mounted in boxes fitted with 
removabh* babbitted wearing sleeves. 

The oiling of the upp(T bearing of the vortical 
shaft and the three crushing roller bearings is by 
means of hose and pij)e (sonnectioiis leading from 
a central oil cup on the top of the vertical shaft. 
1’he driving shaft boxes and the step bearings are 
oiled by separate oil cups. The crushing rollers 
are provided with oil-tight (;aps on their outer 
hubs which retain the oil and make their bearings 
practically self-oiling. The die ring and roller 
shells or tyres are of forged steel. In addition to 
being able to run for long periods continuously 
except for interruptions made necessary by the 
renewal of roller rings and dies, the machine is 
so constructed that when the repairs do become 
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necessary they can be accomplished with the 
minimum loss of time. In this machine the rollers 
are held in the position most favourable for doing 
efficient work and for keeping the rollers and die 
faces in perfect conditioji. 

The Fuaehine is made in two sizes, 6* ft. and 5 ft. 
The capacity d(‘pcnds upon tlic cliaractcr and size 
of the on^ and upon the size of o])enings in the 
screen. In the case of a H-ft. mill working on 
Butte, Montana, copper ore, the machine is fitted 
with 12 mm. X 1] mm. scr(*eni, and handles 
160 tons |)(‘r 24 hours of material ])reviously 
crushed to pass a |-in. screen. In another case 
the mill is iitted with 12 mm. x J mm. scrcenf}, 
and on a feed, the coarsest of which has ])as.sed a 
I -in. screen, supjdies all that can bo taken care of 
by seven cojicentration tables, eijual to 100 tons 
or over in 24 hours. 

Under similar conditions the o-ft. mill would be 
capable of about 100 tons and 60 tons rt‘spectively. 
Working on the product of an ordinary breaker 
at the Utah Copper Co.’s Bingham plant, the ore 
being fed at about f in. cube to a 6-ft. mill fitted 
with wire screens with holes -OloO in. the output 
was 96 tons in 24 hours using 2 tons of water per 
ton of ore. Under similar conditions the 5-ft. 
machine would be capable of about 50 tons per 
24 hours. 

The weight of the 6-ft. machine is 60,000 lb. 
and of the 5-ft. 35,000 lb. The weight of the 
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mortar of tlie 6-ft mill, which is the heaviest piece, 
is ]2,(K)0 lb. In the H-ft. machine the mortar is 
made in sections, and the mill can be taken apart 
so that no piece exceeds I ton in weiglit. The 
total crushing weight of the rollers and their 
carrying spider in the (i-ft. mill is 23,000 lb., and 
in the o-ft. mill 13,500 lb. The 0-ft. mill has 
driving pulley (tight and loose) 48 in. diameter >: 
12 in. face; speed 140 r.p.m., speed of vertical, 
shaft 37 r.p.m. Tin* 5-ft. mill has driving pulley 
(tight and loose) 42 in. diameter X 12 in. face; 
spe(‘d 140 r.p.m., sj)eed of vertical shaft 43 r.p.m. 
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B^LL AND ROD MILLS 

Ball nnd rod Met grinding jnills are .similar in 
oonsti’uction and may therefore he considered 
together. This is not to say that their applica- 
tions always coincide, in fact, th(‘ir u^ses are more 
or less distinct ; hut it is not easy to say just 
'where a ))all mill is mor(‘ suitahle than a rod 
mill, or ritr nrsa ; (‘ach cas(‘ must he judged 
on its merits. 

In construction, (‘ach machine consists (»f a 
shell of cylindrical sha])e. rotatinj^ ahout an axis 
parallel to its length, th(' raw material entering at 
ont' end and tin* ground product Ic'aving at the 
other. The fe(‘dlng device* varies, hut as a rule it 
is a spiral scoop of large or small diameter, dep(*n(i- 
ing upon the amount of feed and the lu*ight it 
re(piires to la* ele\’ated from thi‘ actual poijit of 
deliv(‘ry into the mill. The mill sh(>lls are ecj nipped 
M’ith a rein‘wahle lining, which is of different 
designs with the object of providing tin* desired 
action within the grinding space. Reduction is 
effected hy steel halls or pehhles in the hall mill 
and rods in the rod mill. 

The ol)ject of the hall mill in general is to tui n 
out a granular product, so that it is I'clativcly 
short with the view' of not carrying reduction 
l)eyon(i a (jertain })oint. As a gcJieral rule rod 
mills ])roduce les.s fines than the ball mill, conse- 
quently they can be constructed sufficiently long 
lis 
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to retain the rods in their axial line without 
detriment to the nature of the product. In 
practice, rod mills are intermediate in length 
between ball and tube mills. 

The rate of teed in both ball and rod mills has a 
great dete»*mining influence on the character of 
Ihe product. The tub(‘ mill discharges at the 
same rate at A\ hieh it is fed, and the fineness of 
its ])rodu(;t can la* regulated only by the etharge^ 
of grinding media, iii this ca.se ])ebbles, and the 
amount of water in the f(‘(‘d. The other central 
discharge mills are c()rre.spondingly influenced by 
the ball or rod charge and the ratio of wat(‘r to 
^olids in tin* fetal, but .some mills are constructed 
with an annular discharge which permits the free 
(‘gre.ss of th(‘ product, resulting in a greater 
ca[)acity and comparative fretalom from lines. 

The spt'cd of j’otation of ball and rod mills 
depends u])on tin* diameter of the mill and cannot 
be varied without some loss of eflieieney. 

A typi(!al mod(*rn ball mill is ilhi.strat(‘d iii Fig. 19 
((\)lorado). Used upon work to which it is .suited 
the ball mill forms a very satisfatdory and economi- 
cal machine, though it cannot be saitl to be more 
suitable for any and every cla.ss of work than all 
other types of grinding machinery, as has been 
claimed by sonn? enthusia.sts. The fa(?t is that 
we have in the ball mill a highly efficient grinder 
for quite a M’ide range of work, but it Avas never 
intended to supplant all other grinding inachiiuTy ; 
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it has its own particular field in reduction opera- 
tions, and in this field it is very hard to beat. 

It is certainly true that the feed to ball mills 
may be as coarse as 2 in. or 3 in. and that such 
feed can be reduced to high degrees of fineness, 
but in takihg a very coarse feed it will not com- 
pare in efficiency with rolls, while for producing 
a very line product it is not as suitable as the 
tube mill. 

The disadvantage of the coarse fetxl disappears 
in a small instijlation because crushing rolls show 
their chief economy in operating cost per ton 
crushed, and in small plants low first cost and 
simplicity of equipment cause the ball mill to be 
the most economical when the total cost of reduc- 
tion as a whole is the dominating factor. There 
are many cases where the ball mill shows a very 
decided advantage over other grinders, but no 
hard and fast rule as to its scope can be laid 
down. All the conditions must be taken into 
consideration. 

There are conditions under which ball mills 
form most suitable units for secondary reduction, 
taking the product from a jaw or gyratory crusher 
and reducing it to a granular product. Such 
conditions are found mostly in small plants where 
first cost of equipment and installation enters 
very largely into the total cost. On the other 
hand, in large plants, the most economical system 
is to reduce the primary crusher product to about 
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I in. in heavy rolls, and then to finish it off in ball 
mills. 

Ball mills with a central discharge perform the 
maximum amount of work on the raw material 
sent into them, and if a granular product is 
required the tonnage feed should be hs gn^at as 
the mill will sati.sfactorily deal with and still be 
reduced to the desired fineness. Too heavy a feed 
will mean that the material will Jiot be sufficiently 
treated and the resulting product will be too 
coarse ; if the feed is too light th(‘ product ground 
will be lieyorid the fineness requireti. 

As a general rule some means of outside classi- 
fication operating in closed circuit with, the iniM 
will give the best results, the function of such a 
classifier being to do outside what cannot advan- 
tageously be carried out inside the mill. The 
classifier is adjusted to overflow a product of the 
desired fineness, while the coarse material is 
returned for regrinding through the feed inlet. 
Such a continual return of insufliciently ground 
material, in addition to the raw feed to the mill, 
gives the latter a circulating feed in excess of the 
initial feed, and greatly increases its efficiency by 
enabling it to produce a large amount of pulp 
of the desired fineness instead of a smaller amount 
containing a large amount of dust when grinding 
dry, or slime when grinding wet. The charge of 
balls in the mill and the amount of water in the 
feed when grinding are naturally adjusted to 
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favour the greatest output with the niininuini 
wear and tear. 

WJien crushing ores for table concentration, 
wher(^ a relatively coarse, granular product as free 
from slime as possible is desired, the ball mill 
with annufar discharge through a grating offers 
advantages over the central discharge mill. The 
grating is not intended actually to size the ju'odiict, 
but to ]iass fret'ly all pulp which is sufficiently 
fine, while retaining the balls and the coarse ore. 
The outside ckssification of the produ(*t is not 
dispensed with, but the reduction of slime is 
decreased, and as the (mcrgy otherwise (consumed 
/n sliming is employed in grinding coarser ore, 
the eapacity is increased. 

Ball mills, such as the type illust rated in Fig. 19, 
are construct(‘d in a variety of sizes and driven 
in various ways to suit best the particular con- 
ditions obtaining. 

The feed is through a spiral scoop of varying 
pattern to suit the work. The discharge trunnion 
is equipped with a flared lip and, where it is of 
benefit, a renewable reverse .spiral to prevent the 
egress of balls and coarse ore. 

In place of the usual blank head liner another 
is used in the discharge end of the.se mills, com- 
prising an outer ring of blank liners, an annular 
grating, and a blank central liner. The head 
liners re.st upon the ribs of the head, these ribs 
serving to lift the pulp which passes through the 
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grating and discharge it into the trunnion. This 
grating is held simply and is easily renewable. 
There is no difference in outward appearances 
between the annular discharge and the central 
discharge mills, and they are readily convertible 
one into another. * 

The shell linings of ball mills are of different 
types, and a certain form of lining will finally be 
settled on in each case after the mill has been 
operatijig long enough for a careful judgment to 
be formed. The best type of lining cannot be 
foretold with certainty, and in some cases the 
advantage of the more expensive linings will be 
found to consist in increasing the intervals bet weejf 
replacements rather than in any decided reduction 
in the cost per ton of material treated. 

In general, hard iron liners may prove entirely 
satisfactory for use with small and medium size 
balls, but for use with large steel balls steel liner 
plates are usually essential. The simplest liner 
is the plain type shown in Fig. 19a. This consists 
of plain plates, B, of any specified thickness, with 
two of their edges bevelled to match the key 
liners, (^, which fasten the whole to the shell, A, 
by means of the bolts, D. 

The wave liner is usually made 2 in. thick at the 
thinnest part, increasing to 3 in. at the crest of 
the wave. This has proved a satisfactory liner 
for initial installations where experience has not 
yet been acquired, and although the life of such 
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a liner is not so great as one of alloy steel, the 
cost is loss and the cost per ton ground may 
compare very favourably with the more resistant 
but more costly material. This form of liner is 
indicat(‘d in Fig. 1 %. 

The shell of the mill is shown at A and the 
liner at B. The liner plates are made in sections 
extending circumferentially, and the sections have 
their keys bevelled to match the key liners, C, 
these key liners alone being bolted through the 
shell by the countersunk head bolts, D. The 
arrow indicates the direction of rotation of the 
mill. 

, The balls are used of various kinds of material, 
both cast and forged, and, as in the case of the 
lining, a longer life involves a higher cost. The 
balls in this mill are fed daily to compensate for 
wear. Balls of o-in. down to |-in. diameter are 
used, the largest being advisable only in ball 
mills taking a crusher product, in. being the 
most efficient maximum size for such work as 
regrinding. 

The initial charge should (jontain balls of all 
sizes from the chosen maximum down to the 
smallest, and it is usually necessary to feed a 
certain proportion of small balls to maintain a 
proper assortment within the mill, although in 
some plants it is the practice to feed only the 
largest size after the mill has been once charged 
with a proper assortment of the different sizes, 
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and to depend upon the wear of the balls for the 
supply of the smaller sizes. 

These mills are made in size.s ranging from 3 ft. 
X 3 ft. to 7 ft. X 10 ft. The smallest mill turns 
at 30 r.p.m. with 6 h.p., the ball charge weighing 
IS ewt. The largest mill turns at lOc’.p.rn. with 
222 h.p., the ball charge weighing 17| tons. 

The Marey ball mill, designed specifically for 
wet grinding, has almost the (‘ntire discharge^ end 
fitted with grates. B(‘tween tlu^ grate and the 
end of the mill there are arranged lifters which 
act as a pump to lift the product so that it will 
be discharged through the discharge trunnion of 
the mill. Water and feed enter the mill through 
the feed trunnion, consequently there is a differ- 
ence in elevation between the feed as it enters 
the mill and the point of discharge through the 
grate. 

This mill has found its greatest application in 
the crushing of coarse materials, from 3 in. to I in. 
in size, to 10 mesh in one pass of the mill, in 
which the capacity ranges from 25 to 10(X) tons 
})er day. 

To get the best from this machine it should be 
ot)erated so that the pulp is low in the mill. With 
the proper proportion of ball charge and feed 
the mill should be noisy, and to maintain this 
condition a constant rate of feed of water and 
raw material should be provided. If motor 
drives are used the motor should be connected 
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with an ammeter in full view of the mill operator. 
The feed should then be adjusted to maintain a 
constant amperage, which, if it drops, indicates 
that the mill is overloaded. 



Fig. 20.— Stao Ball Mill. 


A simply constructed ball mill of the jicrforated 
screen type is shown in Fig. 20 (Allen's Stag Mill). 
This type is applicable to the reduction of mineral 
ores, cement clinker, slag, quartz, coal and other 
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refractory materials. It can also be used as a 
preliminary grinder for treatment in a tube miU ; 
when so used no dressing machines are required, 
practically any degree of fineness can be obtained 
and supervision is minimised. 

This mill is employed both for wvt and dry 
grinding, with or without sieves. The periphery 
is formed of hard st(;el grinding plates which, 
being perforated, allow the material when ground 
fine enough to leave the mill inner chamber. 
Four perforations may be seen in the drawing 
near the thin end of each plate. That portion of 
the material passing from the inner chamber falls 
on to a second perforated plate or check sieve 
which allows only the finer material to enter the 
outer chamber, on which is fixed a final scries of 
sieves so arranged as to pass only the necessary 
fineness. 

In each stage the rejected material, i.e., that 
too coarse to pass the respective screens, is returned 
automatically to the inner chamber for further 
reduction, so that the process of grinding is con- 
tinuous and automatic. The ground material is 
delivered from the bottom or hopper section of 
the chamber into bags by operating a slide, or 
the bottom may be left open for the finished 
material to be carried away by a conveyor or in 
tubs. 

The following parts are subject to wear and are 
renewable : the grinding plates and forged steel 



GRINDING MACHINERY 


129 


balls, punched steel check sieves and perforated 
plates, the woven steel wire gauze and the small 
grit sieve. 

The side plates, which are of rolled steel in the 
larger sizes and of cast iron in the small sizes, 
are mouixtcd on cast-iron centres keytid to the 
main shaft. The feed hopper is bolted to the 
inner edge of the main sole plate. 

Material up to 7 in. cube can be fed to the 
largest mill, but the usual size of feed is 2 in. 
cube. When ^operating on shale for producing 
stone dust, a special grit sieve allows from 5 to 
10 per cent, of the shale to leave the mill as a 
fairly coarse grit by reducing the percentage 
passing the 30, 35 or 40 mesh screen, without 
materially reducing the finest product. 

In the Hardingc conical mill the principle of 
operation is the rotation of a number of grinding 
bodies inside a drum which consists of a flat cone 
and a steep cone riveted to a cylinder. The 
grinding bodies, in dropping, reduce the material 
which is passed to and from the grinding zone 
through hollow trunnions supporting the drum. 

The object of the conical shape is to secure a 
natural segregation of both the grinding balls and 
the material under treatment. The coarse material 
on entering the mill through the hollow feed 
trunnion is reduced by the largest balls or pebbles 
which are kept near the feed end by the classifying 
action of the cone. This principle will be under- 
5 
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stood on reference to the drawing, where it will 
be seen that the peripheral speed of the mill at 
its largest circumference, e., the cylinder, is 
650 ft. per minute, at the middle of the steep 
cone it is 400 ft. per minute, and near the outlet 
it is only 250 ft. per minute. 

As the lumps of raw material are broken by the 
largest balls the particles work their way forward, 
thus being subjected to a grinding action gradually 
diminishing in intensity, so that the material 
acquires the required degree of ^neness simul- 
taneously with its arrival at the discharge. 

This automatic segregation means that the 
largest lumps are left to bo dealt with by the 
biggest and heaviest bodies, without being clogged 
up with finer material. Thus each particle is 
automatically classified with a simultaneous segre- 
gation of the balls, so that each different size 
particle is dealt with by the appropriate grinding 
agent. 

The Hardinge mill is constructed in both ball 
and pebble types; both operate in a very similar 
manner, and, though they overlap to a certain 
extent, the pebble mill has applications where the 
ball mill has not. Generally speaking, the ball 
mill is used for grinding ores and similar materials 
either wet or dry from sizes up to 3 in., reducing 
the material to any degree of fineness. 

The pebble mill using flint pebbles as a grinding 
medium can take as a maximum a J-in. feed, 



GRINDING MACHINERY 


131 


though the best results are obtained when the 
feed is reduced below J in. Such a mill is able 
to deliver either a very granular or a very fine 
product by changing the speed, the pebble load, 
and by effecting one or two other minor alterations. 

The pebble mill, for the space occupied, has less 
capacity than the ball mill, though operating costs 
for the pebble mill are usually lower on account 
of the expense of the cast-iron or forged steel balls 
in the ball mill. 

The chief f<lnctions of the pebble mill are in the 
grinding of felspar and silica, and where materials 
are* ground in certain acids which would eat the 
metallic lining of the ball mill. 

The conical mill finds its chief application in the 
metallurgical field where it was first introduced 
as a granulator to grind for table concentration. 
Another typical application is in the recovery of 
minerals by flotation. The object here is to grind 
the gangue fine enough to release the mineral 
without sliming; in the conical mill overgrinding 
is avoided by the selective action of the body. 
For instance, a conical mill, using 5-in. or 6-in. 
balls, is employed as a primary unit to take a 
feed of 2 in. and reduce it to either 10 or 20 mesh, 
the re-grinding mill taking the product of the 
primary mill and reducing it to 80 mesh or finer. 
In some cases the mill performs both the primary 
and secondary grinding. 

Other general uses of the conical mill are for 
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grinding cement, for pulverizing fuel, and for 
crushing phosphate rock, silica, enamel frit, grog, 
ink, barytes both wet and dry, sulphur, asbestos, 
cast-iron borings, and such abrasives as garnets, 
emery and carborundum. 



COMPARATIVE 
RELATION OF SIZES 
OF BALLS TO 
MATERIAL. 
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Fia. 21 . — Hardinge Conical. Mill, 


Both the ball and the pebble mills arc of similar 
construction, the only difference being that the 
ball mill in the larger sizes is designed to withstand 
much heavier loads and is equipped with a different 
lining. 
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The drums of the smaller mills, namely, the 
2-ft., 3-ft., 4-ft., and 5-ft. mills, are of cast iron, 
in both the ball and the pebble mills. The larger 
mills, 6 ft., 7 ft., and 10 ft. in diameter, are con- 
structed of two plate steel cones jointed base 
with a short cylindrical wrapper piece. 

The ball or pebble mills may be driven in any 
one of the following three ways : 

(а) Spur gear and pinion, using a countershaft 
and pulley drive for belting from cither line shaft 
or motor. 

(б) Spur gear and pinion, using countershaft 
and chain drive direct to motor or line shaft. 

(c) Herringbone gear and pinion for direct con- 
nection through a flexible coupling to a motor 
shaft. 

The method of feeding these mills varies accord- 
ing to the matt'rial under treatment. 

The reversible scoop feeder is usually employed 
for feeding wet materials, and is attached to the 
mill trunnion by a cast iron extension piece, 
taking up its charge by scooping material from a 
receptacle with each revolution of the mill. 

For the smaller mills grinding both wet and dry 
the conical feeder is best. In this case the feed 
is passed direct into an opening from which the 
scoop picks it up and discharges it into the 
trunnion. 

The drum feeder is used for wet grinding on the 
larger ball and pebble mills where it is desired 
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to feed material directly into the mill, and where 
any returned oversize need not be picked up from 
a lower level than the central axis of the machine. 

When coarse material has to be fed and oversize 
from the classifier has to be returned, a combination 
of the drum and scoop feeders answers tUe purpose. 

For dry grinding a screw feeder is necessary to 
force the material into the mill. In this type the 
material is discharged on to a table through a 
spout just above it and centred. A large adjust- 
able knife cuts the cone of feed S9 formed and 
sends a continual stream into the hopper of the 
screw feeder. 

In other cases a table and chute feeder is used, ' 
for instance, whore the capacity is not too heavy. 
For fine feeds an undershot rotary feeder is general. 

All the conical mills are lined with either metal 
or flint blocks, depending upon the type and 
work required. These linings are replaceable in 
sections. 

The standard lining for the ball mill is a com- 
bination of chrome steel and charcoal chilled iron. 
The wearing bar, which projects a little above the 
plate and is held in place by taper bolts, is made 
of chrome steel and serves the three-fold purpose 
of meeting the major impact of the balls, lifting 
the mass of material, and holding the plates in 
place. 

The pebble mill is usually equipped with a 
flint lining, though in some cases metal linings are 
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installed. The flint lining is either a hard Belgian 
Silex block or a flint block. The blocks are held 
in place by cement or special compositions where 
the use of cement is open to objection, e. <7., grinding 
in acid. 

The size and character of the balls used depend 
to a large extent upon the nature of the grinding 
and the amount of work to be undertaken. Gener- 
ally speaking, for a feed of fairly hard material 
larger than J in., all-steel balls are used, usually 
a combination of 5-in., 4-in., 3-in., and 2-in. 
balls. For feeds below ^ in. cast-iron balls are 
usual, ranging in size from } in. to 2J in. 

In the pebble mills flint pebbles, usually from 
France or Denmark, are employed, varying in 
size from 1 in. to 8 in. according to the size of 
the mill and the work to be carried out. 

Most of what has been said about the ball 
mills applies to rod mills, and it is therefore not 
necessary to repeat it. It will readily be under- 
stood that rods give a line instead of a point 
contact, as is the case where balls are used, and 
the large particles of material serve to protect the 
small particles, so that a tendency to reduce 
the amount of slime is produced. Rods also exert 
the maximum crushing effect as the entire weight 
of each rod is transmitted to the material being 
ground. The early attempts to employ rods 
were not very successful, owing to faulty mechanical 
construction of the mills, but heavy, well-designed 
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raodern rod mills have demonstrated their efficiency, 
and this type is gaining favour among even the 
most exacting operators. 

Rod mills of the Colorado design, typical of 
modern construction, are made in sizes from 
4 ft. X 8 ft. to 6 ft. X 14 ft. The smallest rod 
mill turns at 27 r.p.m. with 35 h.p., the charge of 
rods weighing 4 tons 16 cwt. ; the largest mill 
turns at 21 r.p.m. with 222 h.p., the rod charge 
weighing 19 tons 6 cwt. These rod charges are 
approximate only as they vary with»the thickness 
of the lining and the height in the mill to which 
it is found best to carry the rods in the particular 
conditions obtaining in each case. 

The Marcy rod mill takes a l*in. crush(;r feed 
and reduces it to 8-20 mesh in one pass. In 
grinding for flotation, amalgamation or cyanidation 
or other fine grinding, the mill is operated in closed 
circuit. It may be used either for dry or wet 
grinding. 

A feature of this mill is the open-end construc- 
tion with the view of maintaining a low pulp line. 
This door provides access for inspection and 
repairs, though it may be opened while the mill 
is operating. It has been used successfully in 
dealing with dry materials such as limestone, 
phosphate rock, gypsum, crushed stone, glass, 
sand, shale, clay, talc and for pulverizing coal. 
The capacity ranges from 5 to 1500 tons per day 
of 24 hours. 
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During the last year (1923-1924) a great deal 
of experimental work has been done in connection 
with the dry grinding of various materials in the 
rod mill, and these tests indicate that as a dry 
grinding machine the rod mill is most efficient, 
and it is now being recommended for dry grinding 
problems. The rod mill has several points in its 
favour. In the ball mill little can be used but 
manganese steel, as it is the only material that 
will stand up. The rod mill can be lined with a 
harjl car whe*l iron liner which will give very 
satisfactory wear. This is probably due to the 
fact 'that in a ball mill wo have a point contact, 
tvhereas in a rod mill we have a line contact. 
Car wheel liners will vary from one-third to onc- 
half the cost of manganese steel, depending upon 
the size of the mill. Special high carl)on steel 
grinding rods containing about 1 per cent, carbon 
are used in Marcy rod mills, costing about one-half 
the figure for steel forged balls, so that the wearing 
parts and the grinding medium in the rod mill 
are less expensive than in the ball mill. 

There is more weight per unit volume in the 
rod load than in a ball load by about 26 per cent. 
There arc not so many voids in a rod load as in a 
ball load, with the result that there is not the 
tendency for the material to sift through the rod 
load that there is for it to sift through the ball 
load. Rods in the rod mill act very much like a 
multiple set of rolls, the grinding being done very 
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largely by attrition between the rocfc. As the 
mill barrel revolves and the rods are carried up 
the side of the mill the rods act somewhat as an 
elevator, locking the feed in the rod load and 
carrying it along with them. The rod mill will 
produce a more evenly ground product than the 
ball mill, and contains less oversize and is ideal 
for table concentration or flotation. The rolling 
action of the rods has a tendency to cut down the 
horse-power necessary for the mill, and in general 
it will be found that, of a rod mill or ball mill 
having the same capacity, the rod mijl will require 
less power. 
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Adjustment, gyratory 
crushers, 37 

Allen Stag ball mill, 127 

Balanced crushing rolls, (53 
Ball mills, 118 
Colorado, 119 
Hardinge, 129 
Marcy, l^fi 
Stag, 127 

Batch reduction, 12 
Beaters, disintegrator, 84 
Bigelow breaker, 25 
Blake breaker, 23 
Bradley three-roll mill, 104 
Breaker, jaw, 23 
Bigelow, 25 
BKike, 23 
1 lodge, 30 
Hadfield, 23 
single toggle, 20 
# Sturtovant, 28 
Broadbent jaw, 33 

Cage disintegrators, 81 
Cages, swing hammer mill, 
90 

Centrifugal roll mills, 98 
Chilian mill, 1 1 1 
Christy and Norris disin- 
tegrator, 84 

Closed circjiit reduction, 12 
Colorado ball mill, 119 
rod mill, 136 
Conical mill, 129 
Crusher, gyratory, 35 
“ open-door ” rotary, 53 
reduction, 46 
Symons vortical disc;, 52 
Crushing rolls, 55 
belted, 59 

capacity and horse- 
power, 71 
coal, 66 
coke, 68 
double, 69 
feed to, 7 1 


Crushing rolls {continued ) — 
fine (^rushing, 68 
(jiarfield, 60 
geared, 59 
liigh speed, 60 
installing, (59 
Jeffrey, 65 
power for, 75 
rigid, 60 
single, 65 
speeds, 77 
standard, 59 
Sturtevant balanced, 
63 

triple, 69 

niaphragm, gyratory crush- 
er, 39 

Disc crusher, Symons liori- 
zontal, 62 
Symons vertical, 47 
Disintegrator, bar, 81 
Christy and Norris, 84 
shredcling, 93 
St.cs.lman, 83 
Dodge breaker, 30 

Eccentric, gyratory crusher, 
38 

Evans- Waddell mill, 111 

Faces, jaw breaker, 33 
Feed openings, jaw breaker, 
31 

Feed to ball mills, 121 
to distintegrators, 94 
to rod mills, 136 
to rolls, 71 

to swing hammer mills, 
86 

(Barfield rolls, 60 
Cates gyratory, 35 
Ciant Crillin mill, 104 
Criffin mill, 103 
Orinding mills, 118 
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Gyratory crushers, 35 
horizontal disc, 52 
McCiilly, 38 
reduction, 46 
short-spindle, 44 
Symons, 47, 62 
Telsmith, 44 

Hadfield Blake crusher, 23 
single-toggle breaker, 26 
Hammer mill, swing, 86 
Hardinge conical mill, 129 
Horizontal disc crusher, 
Symons, 62 
Huntington mill, 98 

Inclined jaw breaker, 26 
Intermediate crusher, 46- 

Jaw breaker, 23 
inclined, 25 
safety devices, 33 
Jaw, Broadbent, 33 
fixed, 24 
Mason’s, 33 
swinging, 23, 33 
Jeffrey single roll, 65 

Lubrication, gyratory crush- 
er, 41 

jaw breaker, 34 

McCully gyratory crusher, 
38 

Mainshaft, gyratory crusher, 
36 

Manganese steel heads, 
gyratories, 42 
Marcy ball mill, 126 
rod mill, 136 
Mason’s jaw, 33 
Maxecon mill, 110 
Mill, ball, 118 
Bradley three-roll, 104 
centrifugal roll, 98 
Chilian, 111 
Colorado ball, 119 
rod, 136 


Mill (continued ) — 
conical ball, 129 
Evans-Waddell, 111 
Giant Griffin, 104 
Griffin, 101 
Hardinge, 129 
Huntington, 98 
Marcy ball, 126 
rod, 136* 

Maxecon, 110 
pebble, 130 
ring-roll, 109 
Stag ball, 127 
swing hammer, 86 
Williams, 87 
Movable roll, 66 

Open-doof rotary crusher, 
63 

Pebble mill, 130 
Pendulum mill, 101 
Pitman, jaw breaker, 23 
Power for crushing rolls, 71 
disintegrators, 86 
gyratories, 44 
ring-roll mills, 1 10 

Reduction gyratory crusher, 
46 

Ring-roll mill, 109 
Rod mill, Colorado, 136 
Marcy, 136 
Roll jaw breaker, 26 
Roll, movable, 56 
shells, 64 
Rolls, crushing, 55 
belted, 69 
capacity, 71 
coal, 65 
coke, 68 
double, 69 
Garfield, 60 
geared, 69 
high speed, 60 
Jeffrey, 66 
power for, 76 
rigid, 60 
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Rolls {continued ) — 
single, 65 
sp^ds, 77 
standard, 59 
Sturtevant balanced, 63 
triple, 69 

Rotary crusher, 53 

Safety deviceg, 33 
Shells, roll, 64 
Short-spindle gyratory, 44 
Shredding disintegrator, 93 
Single crushing rolls, 65 
toggle breaker, 26 
Stag ball mill, 127 
Stedman disintegrator, 83 
Sturtevant balanced rolls, 
. 63 

ring-roll mill, 109 
rotary crushei^ 53 
Superior-McCullv gvratorv 
crusher, 38 


Supported type gyratory, 
39 

Swing hammer mill, 86 
installing, 95 
screen bars, 90 
Williams, 87 

Symons horizontal disc 
crusher, 52 

vertical disc crusher, 47 

Telsmitli short-spindle gyra- 
tory, 44 

primary crusher, 44 
reduction crusher, 46 

Triple crushing rolls, 69 

Vertical disc crusher, 
Symons, 47 

W’illiams swing hammer 
mill, 87 









